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Martin Titan ICBM, launched by USAF from Cape Canaveral, appears to be passing 
the moon in this unusual photo symbolizing missilry as the key to manned spaceflight. 


























1951 First to fly a shaft 
turbine helicopter anywhere. 
19584 First to fly a helicopter 
powered by twin turbines. 
1956 Kaman fiew the first 
helicopter to be powered with 
a gas turbine designed 
specifically for helicopters. 
19859 Kaman converts its 
production 100 percent to 
turbine powered helicopters, 
; becoming the first major 
helicopter company to take 
this forward step. 


VME WEARS BWI PUL 
KAMAN YEARS AHEAD IN TURBINES 


In National Defense KAMAN is part of the plan 


THE KAMAN AIRCRAFT CORPORATION + BLOOMFIELD, CONNECTICUT 
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B.F.Goodrich producing high-energy solid propellants 


This static test tunnel is one of the 56 specialized facilities 
at the B. F.Goodrich solid propellant plant, Rialto, California. 
BFG-made propellants are currently being processed and 
loaded in solid fueled rocket motors of the LOKI, RTV 
and ASP types. 


B.F.Goodrich pioneered the development of the major 
polymeric binder-fuels now being used in our country’s 
most advanced missiles... Liquid “C” synthetic rubber and 
polyurethane. BFG solid fuels are outstanding in their high 
energy performance, and have excellent castability, ideal 
physical properties at low and high temperatures, excellent 
burning characteristics and batch-to-batch uniformity. 


B.F.Goodrich is qualified and equipped to handle com- 
plete rocket motor projects...from complete design through 
testing and shipment. BFG also produces rocket motor 
cases, case and nozzle liners and other parts in conjunction 
with complete propulsion systems. Test and production 
motors containing cast and case-bonded propellant grains 
in various sizes and weighing up to 2,000 pounds have 
been successfully manufactured and fired. 


For complete information on how BFG solid propel- 
lant facilities can help you, write for a copy of the new 
booklet “B.F.Goodrich Solid Propellants for the Space 
Age”. B.F.Goodrich Aviation Products, a division of The 
b.F.Goodrich Company, Department AF-4, Akron, Ohio. 


Lowering a rack of small rocket motors into curing pit at the 
BFG Rialto plant after propellant has been poured into the cases, 
B.F.Goodrich has been engaged in composite solid propellant 
research since 1952—in motor production since 1957. 


B.EGoodrich aviation products 














































To the moon and back and wherever missiles fly. Librascope 

: F 9 AS k | PF computers deliver ready answers for in-flight control = guidance, 
optimum trajectories, impact prediction, data reduction and 

| | analysis. Throughout flight... Librascope missile computers are uninterrupted 
| by environmental extremes...and they will automatically and continuously 

| [ | if PUTERS check their own built-in accuracy. The compact size, minimum 


mation on how Librascope advanced computer capabilities 





weight and performance of Librascope missile computers have 





earned them important roles in our conquest of space. For infor- 
can answer your 
Glendale, Calif. 


information on 


particular needs, write to Librascope, 808 Western Ave., 
& Librascope, A Division of General Precision, Inc. = For 


engineering career opportunities, contact Glen Seltzer, Employment Mgr. 





computers that pace man’s expanding mind 
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An Editorial 








Imagination, Brains, and Guts 


John F. Loosbrock, Editor 


comes across our desk each day. But once in a while 

a gem shows up that gives us pause for thought. 
One such was a copy of a recent speech by Emilio Q. 
Daddario, a Democratic congressman from Connecticut 
who serves on the House Committee on Science and 
Astronautics. 

Mr. Daddario was talking about Columbus and the dif- 
ficulties he encountered: 

“He [Columbus] was required to submit his proposal 
to the so-called Talavera Commission of learned men for 
review and to justify his requirements. They held hearings 
in the year 1486, and issued their report in the year 1490, 
four and a half years later. They judged that the promises 
of Columbus ‘were impossible and vain and worthy of 
rejection.” They reported to their royal majesties that it 
was ‘not a proper object for their royal authority to favor 
an affair that rests on such weak foundations and which 
appears uncertain and impossible to any educated person, 
however little learning he might have.’” 

Sound familiar? 

Let’s take another excursion back in time. Not quite so 
far, though, only back to 1909 and the first military air- 
plane. 

It could carry a pilot and one passenger at a speed of 
forty-two and one-half miles per hour for one hour. It 
cost about $30,000. Its useful life was approximately 
thirty flying hours. The cost per passenger-mile in 1909 
dollars was about $25. (In today’s dollars that would be 
about $80.) 

Let’s be orderly and logical as we sit on a 1910 
version of Columbus’ Talavera Commission. We would 
conclude, from the evidence at hand, that airplanes are 
terribly expensive and that payloads are too small. We 
would foresee only limited military uses for them, primarily 
in reconnaissance. And commercial air transport would 
be economically out of the question. 

Yet in fifty years speed has increased more than one 
order of magnitude, useful life has increased by three 
orders of magnitude, and direct operating costs for a jet 
transport are about three cents a passenger-mile. 

How wrong can you be? 

In 1945, Dr. Vannevar Bush, wartime director of the 
Office of Scientific Research and Development, said this 
about the future of missiles: 

“There has been a great deal said about a 3,000-mile, 
high-angle rocket. In my opinion, such a thing is impos- 
sible and will be impossible for many years. 

“The people who have been writing these things that 
annoy me... have been talking about a 3,000-mile, high- 
angle rocket, shot from one continent to another, carry- 
ing an atomic bomb, and so directed as to be a precise 
weapon which would land exactly on a certain target, 
such as a city. 

“I say, technically, I don’t think anybody in the world 


W E DON’T have time to read a tenth of the stuff that 


knows how to do such a thing, and I feel confident it will 
not be done for a very long period of time to come... . I 
think we can leave that out of our thinking. I wish the 
American public would leave it out of their thinking.” 

Yet only fifteen years later, Lt. Gen. Bernard A, 
Schriever was able to tell a Washington audience the 
following success story, which we think is worth quoting: 

“In February 1954, Dr. John von Neumann and his 
colleagues—representing the best scientific and technical 
brains in America—told the Air Force that an operational 
intercontinental ballistic missile could be achieved by this 
country in from six to nine years—provided that an all-out 
development effort—with the highest national priority— 
was initiated immediately. .. . 

“On September 1, 1959, the Department of Defense 
announced to the American people that the Atlas ICBM 
had become operational. This was just a little over five 
years from the time that the accelerated ICBM program 
had gotten under way—and beat the most optimistic fore- 
casts of the Von Neumann committee.” 

General Schriever went on to make further comparisons 
between predictions and actualities. 

The Von Neumann committee predicted that the first 
operational ICBMs might have a reliability of fifty per- 
cent. Atlas’ reliability factor is much higher. 

The committee set an optimistic range of 5,500 nautical 
miles. Atlas has a range of more than 7,000 miles. 

In 1954 an accuracy goal of five miles was considered 
realistic. Today Atlas is hitting within two miles of the 
target, based on a statistical average of fifteen consecutive 
shots. General Schriever pointed out that this was com- 
parable to an expert rifleman placing fifteen consecutive 
shots in a four-inch bull’s-eye at 300 yards. 

The history of weapon systems shows that we always 
tend to expect too much progress in a short time and un- 
derestimate greatly the results over the long term. The 
reason is quite simple. 

Short-term progress is limited by such factors as delayed 
decisions, shortages in money, manpower and facilities, 
and unforeseen acts of God—fires, floods, and tornadoes. 
On the other hand, progress over the long haul is speeded 
up by things you didn’t know when you started. Examples 
include unexpected breakthroughs in basic research, dis- 
covery of new ways to apply old knowledge, often achieved 
through simple trial and error, and the correction of mis- 
taken assumptions made from erroneous data. 

The point is that when you have a good program, run 
by men with imagination, brains, and guts, let ’em run it 
for all they’re worth and you'll get your money back and 
more with it. But if you nitpick, look over their shoulders, 
monitor them to death, and needle them with talk of 
“technical feasibility” and “when’s the payoff?”, youll 
inevitably lengthen the timetable, increase the cost, and 
compromise the results. A good horse will run better with 
a loose rein than under a flailing whip.-ENp 
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: F Anyone who has ever groped 
navl gatl ‘opel his way in the dark or navigated 
: a ship in a fog will appreciate the 
promises this Space Age project 

holds forth... 


A satellite program is now in 
development to improve the an- 
cient art of celestial navigation. 


A network of solar-battery 
satellites will encircle the earth, 
continually transmitting data that 
can let ships and aircraft figure 
their positions simply by tuning 
to the satellites. Submarines and 
long-range missiles may also use 
the system. 


While the satellite network is 
stillin development, Douglas Thor 
—the booster that can lift it into 
space—is already operational. It 
has proved highly reliable as the 
prime booster in the Air Force 
“‘Discoverer’’ firings and launched 
the first nose cone recovered at 
ICBM range. 

Thor is another product of the 
imagination, experience and skill 
Douglas has gained in nearly 20 
years of missile development. 


' The dependable Douglas Thor, prime 
booster in new multi-stage missiles, can 
s launch satellites—or shoot for the moon. 


DOUGLAS 


MISSILE AND SPACE SYSTEMS® 
MILITARY AIRCRAFT®DC-8 JETLINERS® 
TRANSPORT AIRCRAFT @ AIRCOMB®@ @ 
GROUND SUPPORT EQUIPMENT 
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For Jet Safety Now: 


sVeng 


The expanded area of control absolutely 


essential for safe guidance of today’s high- 


performance jet aircraft is provided right 
now — through relatively low-cost field 
modifications of Gilfillan GCA equipments 
that have been operational world-wide 
over the past ten years. 


Radar altitude coverage is more than 
quadrupled, from 12,000 feet to 50,000 
feet ...range increased 50%, from 40 to 60 


Gilfillan capability is built on unequalled 


experience in military electronics, dating back 


to participation in the development of 
the first GCA equipment. 








miles—through quick, on-site installation 
of these modification kits. 


Only the “building block” designing of the 
original Gilfillan GCAs makes possible 
this low cost up-dating to today’s jet climb 
out and penetration requirements. 


Gilfillan foresighted planning results in 
safeguarding flying personnel and aircraft 
now — by providing, immediately, extend- 
ed coverage vital for jet aircraft safety. 
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Maximum Coverage at Minimum Cost 


Gilfillan Foresighted Planning 
Protects Multimillion Tax Investment 


Gilfillan ability to design for planned non- 
obsolescence is recognized and proven. 


Current example: The new Gilfillan modifica- 
tion kit program up-dates a 1950 GCA radar 
to 1960 jet age standards. It saves a multi- 
million dollar Federal investment from 
becoming obsolete. The modifications provide 
1960 safety for thousands of military and 
civil aircraft in 38 countries, at less than the 
cost of one aircraft. 


Gilfillan’s experience, foresight and manufac- 
turing capabilities are available for complete 
research, development and production in the 
fields of Air Navigation, Electronic Counter- 
measures, Missiles and Instrumentation, 
Radar Trainers and Ground Support Systems. 


GILFILLAN DESIGNS FOR 
PLANNED NON-OBSOLESCENCE 


Seven Gilfillan Plants in Southern California 
HEADQUARTERS: 1815 Venice Boulevard 
Los Angeles, California 
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NIGHT SHIFTS 


CAPABILITY throughout the 
spectrum of creative research to 
practical production, from day 
dreams to night shifts, is a sum of 
the qualitative and quantitative input 
of Motorola’s Military Electronics 
Division. Its breadth and depth 

is evident in personnel and facilities 
at every echelon...from advancing 
frontiers of the art in Solid State 
electronics to volume production 

of anti-submarine warfare devices. 
Moreover, all of Motorola’s 

military electronic capabilities 

have this common denominator: 
uncompromising reliability 

of final performance. 


Because of its demonstrated responsible 
capability, Motorola participates in 

complex and advanced military assignments, 
Among these are: 

¢ Military Communication Systems & Equipment 

¢ Data Transmission, Processing & Display Programs 

Missile Systems, Electronics & Instrumentation 

e Electronic Warfare & Countermeasures Programs 

¢ Anti-Submarine Warfare Systems & Equipment 

¢ Applied Research & Development in Microelectronics 

¢ Advanced Radar & Sensor Developments 

¢ Solid State Developments in Materials & Devices 

¢ Navigation Systems & Equipment 

¢ Surveillance Systems 

For more detailed information, a comprehensive 
brochure will be mailed on request. 


Engineers, scientists and qualified technicians 
seeking challenging opportunities in 

a dynamic organization are invited to write 
Motorola. Address your inquiry to the 

area of your choice: 


CHICAGO 51. ILLINOIS 

1450 NORTH CICERO AVENUE 
SCOTTSDALE, ARIZONA 

8201 EAST MCDOWELL ROAD 
RIVERSIDE, CALIFORNIA 
8330 INDIANA AVENUE 
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... at your service on a contract basis. Here, at ELGIN 
MICRONICS, you'll find the specialized skills and talent 
you need to help keep critical projects moving vee we're 


especially familiar with work involving high precision or 
difficult size and weight limitations. All of our people. 
are thoroughly experienced in meeting military require- 
ments and reliability is our long suit. 
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Time for Leadership and Discipline 
Gentlemen: Your hard-hitting edito- 
“rials should have much more general 
' circulation than is presently accorded, 
| particularly the one in February. 

The alarming indifference of our 
| people to the near-disaster situation in 
_which we now find ourselves must be 
} dispelled by whatever means available 
| in our communication system. I am 

well aware that our military leaders 
are under tremendous political pres- 
sure not to discuss publicly the true 
state of our military unpreparedness 
vis-a-vis the Soviet Union; notwith- 
standing, men of the highest caliber 
in their fields, Tom Power and Max 
Taylor, speak their pieces like the 
dedicated Americans they are. 

It seems to me that the national 
sand glass has almost spilled its last 
grain when so great an expert as 
George F. Kennan, in evident despera- 
tion, pens this eulogy to the American 
politico-social system: “This country, 
with no highly developed sense of 
national purpose, with its overwhelm- 
ing accent on personal comfort, with 
_a dearth of public services and a sur- 

feit of private gadgetry, and with no 
social discipline, has no chance of 
competing with a purposeful, serious, 
and disciplined society like the Soviet 
Union.” 

Now is the time for great political 
leadership, no matter what the dol- 
lar cost, and for a high level of social 
discipline. Without these the cost may 
well be—oblivion. 

Thos. J. Sullivan 
Tucson, Ariz. 



















































































Still With Us 

Gentlemen: 1 thought you might be 
interested that the premise in Gen- 
eral Taylor's book, The Uncertain 
Trumpet, quoted by you in the review 
on page 105 of the March issue is still 
the current policy of the Army. 

It so happens the day after I read 
your book review I was reading the 
material in the Staff Development 
Course No. 45-0004, Lesson 16—Land 
Power and United States Army Doc- 
_ trine, 
|. This quotes from Army Pamphlet 
"No. 20-1, January 22, 1958 and sets 
‘forth exactly the same premise. 
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One paragraph reads as follows: 
“To be adequate, the national mili- 
tary program must contain properly 
weighted provision for deterrence of 
general war, deterrence of local ag- 
gression, defeat of local aggression, 
and survival in general war. This 
four-pointed program with its relative 
priorities is fundamental. . . .” 

It looks like the 1956 Staff Report 
is still the official policy of the US 
Army. 

Robert Kahn 
Lafayette, Calif. 


Defenders of the Exchange 

Gentlemen: I wish to highly commend 
Frederic M. Philips for the article 
“Unfair Competition to Retailers,” 
which appeared in the February 1960 
issue of Am Force/Space Dicsst. 

It can be generally agreed that the 
American retailer takes on the hue of 
a “predatory businessman” when he 
attacks the limited purchasing power 
of the average serviceman, I could 
well agree with the philosophy of not 
underselling legitimate retail business 
or of not providing low-cost purchas- 
ing privileges to the American service- 
man, but only on the basis that the 
serviceman’s income was raised to the 
level of similar workers in the indus- 
trial field. 

If these complaining retailers wish 
to eliminate the so-called “unfair com- 
petition” let them actively and pur- 
posefully lobby in Congress to have 
the take-home pay of the American 
serviceman raised to subsistence lev- 
els equal to that of the average in- 
dustrial worker. 

These same retailers could also 
assist the serviceman in procuring 
housing with rent at nonusurious lev- 
els. In this way they could enjoy the 
everlasting thanks and patronage of 
these marginal-income Americans. 

Christopher S. Smith 
Union, N.]J. 


Gentlemen: May we congratulate you 
on the excellent article appearing in 
the February issue of Am Force 
Magazine on the subject of Retail 
Association’s criticisms of the Ex- 
change and Commissary. 

I think this is one of the best arti- 





























cles that have been written on this 
subject. 
F. Scott Wilder, Publisher ‘ 
Post Exchange and Commissary: 
The Magazine of Merchandising 
to the Armed Forces 
Red Bank, N.J. 


Space and Survival 
Gentlemen: May I add a hearty amen 
to your article “A Strange Dualism,” 
by William Leavitt, in the February 
issue of Am Force/Space Dicest. 
Everything coming out of our space 
programs that has military application 
should be exploited as a matter of 
highest priority. But there are not 
“two” programs. They are one and 
the same, and the sooner we realize it, 
the better off we will be. 

Lt. Gen. James M. Gavin, USA 

(Ret. ) 

Cambridge, Mass. 


VIP Trip 

Gentlemen: All of us here at the Trans- 
port Division are very much pleased 
with Claude Witze’s excellent story 
“Operation Monsoon” in your Feb- 
ruary issue. It’s the first piece I’ve 
seen on the amazingly complete job 
Bill Draper and his people do in 
transporting the Very VIPs. 

I had no idea myself of the detail 
that went into this last mission but 
can see that it is not just chance that 
these missions go off without—pub- 
licly at least—a single hitch. 

The use of jets is not only proving 
to be a boon to the common ordinary 
businessman or vacationer but:is mak- 
ing drastic changes in international 
relations. As we see it, all of this can’t 
but help this troubled world. 

Gordon S. Williams 
Public Relations Manager 
Transport Division 
Boeing Airplane Company 
Renton, Wash. 


One More for the List 
Gentlemen: In your February issue al 
list of institutions participating in ma- 


. chine translation research was ce 


[“Speaking of Space”]. We noted tha’ 

our name was not included in this 

compilation. C-E-I-R has been inter- 
(Continued on following page) 
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ested in the MT problem since the 
spring of 1958, when we _ subcon- 
tracted with Georgetown University 
to program the Code Matching Tech- 
nique developed there by Ariadne 
Lukjanow. This system was demon- 
strated before officials of NSF, CIA, 
and each of the services on August 
20, 1958. 

Miss Lukjanow and an associate, 
Dr. Rudolph Loewenthal, have re- 
cently joined the staff of C-E-I-R, 
Inc., and are engaged in the design 
of an improved system, the essentials 
of which were presented to the field 
at the recent National Symposium on 
Machine Translation held at Los An- 
geles, February 2-5. The technique 
is known as the Unified Transfer Sys- 
tem, and a full and detailed report 
on the system has been printed and is 
available to any interested parties. 

I. Seligsohn 

Dir. of Technical Information 
C-E-I-R, Inc. 

1200 Jefferson Davis Highway 
Arlington, Va. 


New Division for AAS 
Gentlemen: Congratulations are cer- 
tainly in order for your fine February 
issue of Amr Force/Space DiIcEst 
Magazine. In particular I would like 
to thank you for the article “Off the 
Ground” which appeared on page 
102. This article will certainly assist 
our present membership drive a great 
ass 

2d Lt. John D. Johnston, Pres. 

Arnold Air Society Alumni 

Association 
Albuquerque, N.M. 


Gentlemen: . . . Gus Duda’s article 
“Off the Ground” will certainly aid 
our membership drive which is now 
in process. Each day is bringing new 
inquiries and membership applications 
due to the widespread popularity of 
Arr Force/Space DicEsT. .. . 
Working so closely with the AAS 

Alumni Association and the cadets of 
Arnold Air Society at National Head- 
quarters, University of Pittsburgh, I 
have found your magazine very bene- 
ficial in giving me a wider knowledge 
of the Air Force. The articles are most 
interesting and informative. 

Pauline Ann Luntz, Adm. Sec’y 

AAS Alumni Association 

Pittsburgh, Pa. 


Worthy Partner 

Gentlemen: As National Commander 
of the Civil Air Patrol, I wish to 
express the appreciation of our 70,000 
members for the outstanding factual 
article published in the February issue 
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of Ar Force/Space Dicest, “The 
Air Force’s Junior Partner,” by Louis 
Alexander. 

The four-page layout was an excel- 
lent job of reporting and Mr. Alex- 
ander deserves the gratitude of every 
CAP member for his precise handling 
of the resume of CAP activities, mis- 
sion, and capabilities. ... 

The mission and accomplishments 
of CAP are often hidden “under a 
bushel.” It is only through the splen- 
did support of publications and or- 
ganizations such as the AFA that the 
entire and true efforts of CAP can be 
fully brought to light before the Amer- 
ican public. The Civil Air Patrol is 
dedicated to the support of the Air 
Force, our national security, and the 
perpetuation of Aerospace Power for 
Peace. 

I am extremely pleased with CAP’s 
recognition in your publication, and 
I extend my personal thanks to the 
staff for your consideration and sup- 
port—and a “well done” to Mr. Alex- 
ander. 

Brig. Gen. Stephen D. McElroy 
National Commander, CAP 
Ellington AFB, Tex. 


Outstanding Squadron 

Gentlemen: As a member of AFA 
since its inception and as secretary of 
the Lincoln Squadron, may I say how 
pleased we are that our squadron was 
named “Squadron of the Month” for 
February. Not only were we highly 
honored, we were impressed with the 
quality of reporting displayed by Mr. 
Duda in his account of the activities 
we have carried on. 

Such programs as we do have here 
would not be possible without the 
excellent help and cooperation we re- 
ceive from the staff of the Air Force 
Association, 

Frank E. Sorenson 
The University of Nebraska 
Lincoln, Neb. 


Interesting Conjecture 

Gentlemen: On page 92 of the Feb- 
ruary issue of Space DicEsT it was 
reported that the Soviet scientist V. 
Cherenkov suggests that, in order to 
absorb more solar energy, we create 
a ring of crushed powder around our 
planet. This brings to mind several 
results and consequences which are 
not of advantage to us, 

First, the increased absorption of 
radiation will bring about an increase 
in the mean average temperatures 
over all the earth. This will have 
two effects of great advantage to the 
land masses of the Sino-Soviet areas 

(Continued on page 16) 
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1. Stations with the dual capability of tracking earth 


7 satellites and deep space probes are being 

ONE ST ATION engineered and constructed by Alpha Corporation 
as part of Alpha ground-based surveillance 

TWO i ALE NTS systems for space research. A station tells the user 
the location of the vehicle... collects and processes 
telemetered data...transmits command 
communications. Alpha integrated communications 
systems link each tracking station to a computing 
facility, providing a complete surveillance complex 
for all locative and communications functions. 


ng 


More than 600 designers, engineers, scientists, and 
_ constructors are teamed and oriented at 
4 Alpha Corporation to assume total management 
responsibility world-wide for complete projects of the 
ay magnitude described. These specialists select 
a4 the most dependable equipments and services from 
industry to provide the ultimate in systems reliability. 
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—melting of the polar ice caps with 
the concomitant increase in temperate 
weather and rainfall, thus creating a 
large livable land area, formerly un- 
used, for agriculture and expansion 
of population—far inland and above 
future sea levels. This increased land 
use would come at a time when we 
must necessarily start relocating our 
tremendous population, and manufac- 
turing facilities, inland to higher 
ground, This also would mean loss of 
well established transportation sys- 


tems, rich agricultural lands, sea 
facilities, and a real strain on our 
whole economic structure. 

Second, these belts would, to some 
extent at least, follow magnetic axes, 
even if they could mostly be contained 
in a sixty to 300-mile width. To my 
knowledge, which Ill admit is very 
limited, this could mean an excellent 
defense against missiles for the Sino- 
Soviet entente while leaving us free 
of any such aid. 

You must realize this is all conjec- 








thwest Airmotive isn’t just First In The Jet Age with jets — it 
with pistons; too. Realizing most of its friends must look a 
come, SAC has expanded its famous recip engine shop 
. Engine exchanges are a big item here. The mechani 
bling an cachana ratt & Whitney R-985-14B ($2,650. 
xchange Lycoming GSO-480-B1B6 ($4,750.) fi 
ground there’s a Lycoming GO-480-B ($3,4 
nti 
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ture, and I may be extremely pessi- 
mistic, but conjecture today is fact 
tomorrow, even though tomorrow be 
fifty or a hundred years from now, 
I might add that there are few arti- 
cles, editorials, or just plain reports 
in your publication which are not 
thought provoking. ... 

Dr. Stanley K. Norman 

Hamilton, Ohio 


Second Go-Around 

Gentlemen: Your answer to my letter 
(February ’60 issue) indicates that | 
didn’t get my point across. Aren’t you 
making the task too hard when you 
say that we haven't time to straighten 
out our economics and _ politics? | 
think you’ve been a voice in the 
wilderness for airpower so long you've 
forgotten that the people can he'p 
you. 

The reverse is actually true. You're 
not going to get the people to demand 
an adequate defense until they are 
informed on the subject of money and 
where it goes. Just demanding more 
money for defense won't solve your 
problem, because the hard-won in- 
crease in the defense budget today is 
the welfare budget of tomorrow; and 
you're right back where you started. 

My original gripe was that the peo- 
ple aren't aware that welfare is re- 
placing the defense budget. They 
aren't going to do anything about it 
until they know, and you're not going 
to help your cause until you tell them. 

L. S. Abbott 
Wichita, Kan. 


Good Investment 

Gentlemen: . . . I have heard much 
discussion as to the value of Flight 
Pay Insurance sponsored by AFA, 
particularly since the premium and 
policy adjustments were made about 
a year ago. 

Considerable discussion has been 
generated by exclusion number four- 
teen, which states, “The policy shall 
not cover loss to any Member result- 
ing from a disease or. disability pre- 
existing the effective date of cover- 
age, or a recurrence of such disease or 
disability, whether or not a waiver 
has been authorized by appropriate 
medical authority in accordance with 
regulations or directives of the serv- 
ice concerned.” 

It is obvious that this clause is open 
to varied interpretation and I am 
happy to report that the Insurance 
Division of AFA has proven to me 
that they are living up to their obli- 
gation to look after the insured. 

Capt. Charles A. Stone 
Bossier City, La. 
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: . .. demonstrate General Electric’s leadership 

: in the design and manufacture of jet engines. 
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2 From the historic moment in 1942 when 

y twin General Electric I-A engines 

8 powered the first jet flight in America, 

; G-E engines have logged 27 million jet 

flight hours. And, G-E jets like the J33, 

n. J35, J47, T58, J85, J79, and CJ-805 
have consistently set new standards of 

h performance and reliability. 

h Today, a General Electric engine: 

df e Powers the aircraft which has pos- 

ut sessed the world’s speed, altitude and 

time-to-climb records all at the same 

7 time—an unprecedented triple crown. 

r e Shares in the Collier Trophy for ‘‘ the 

. greatest achievement in aviation in 

re America”. . . during 1958. 

3 e Has been chosen to power the world’s 

ti newest and fastest commercial jet- 

th liners and the first American turbine- 

V- powered commercial helicopters. 
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27 million jet flight hours mean 
Reliability 


for air-breathing weapon systems 


For almost two decades jet thrust has been increasing rapidly. G.E. has 
helped lead the way. Each new G-E engine has added to a remarkable record 
of reliability. Today, the J79-powered Lockheed F-104 has established an 
outstanding in-commission rate with USAF. 

Sea forces will soon be strengthened by the McDonnell F4H and the 
North American A3J—the fastest, highest-flying aircraft in Navy history. 

USAF’s fastest, highest-flying bomber, Convair’s B-58, is J79-powered. 
And, USAF’s J79-powered Lockheed F-104 has held simultaneously the 
world’s speed, altitude, and time-to-climb records—an unprecedented 
triple crown. 

At the other end of the flight propulsion spectrum, G-E small gas turbines 
will soon enter operational service with the Air Force and Navy. The 
Navy’s newest ASW and utility helicopters will be powered by the T58, 
which has demonstrated its reliability in thousands of demanding test 
hours. 

The high performance J85 turbojet will soon enter USAF service power- 
ing McDonnell’s GAM-72 decoy missile and Northrop’s T-38 jet trainer. 





J79 After more than three years of production, G.E.’s J85 Advanced aerodynamic and mechanical 
J79 remains the most advanced U.S. production turbo- design make G.E.’s J85 turbojet the highest 
jet. The record-breaking J79 provides more than 15,000 thrust-to-weight ratio powerplant in its class. 
pounds of thrust, yet some models weigh as little as Weighing just 525 pounds and delivering 3850 
3200 pounds. J79-powered aircraft have logged consider- pounds thrust, the reheat J85-5 powers North- 
ably more than half the world’s Mach 2 time. Six Mach rop’s T-38 Talon supersonic trainer (pictured 
2 air weapons are J79-powered: McDonnell F4H in main illustration) and N-156F Freedom 
Phantom II, North American A3J Vigilante, Convair Fighter (right). Another J85 version (above), 
B-58 Hustler, Lockheed F-104 Starfighter (all pictured which weighs 325 pounds and produces 2450 
in main illustration), Grumman F11F-1F Super Tiger, pounds thrust, is in production for the 
and Chance Vought Regulus II missile. McDonnell GAM-72 decoy missile (right). 














T58 The T58 brings important benefits to 
helicopters—increased payloads or range, faster 
cruising speeds, greater endurance. Engines 
shipped have averaged significantly better 
than guarantees of 1050 shp, 0.64 SFC, and 
271-pound weight. A 1250 shp growth version 
enters production this year. T58 has been flight 
tested in single and twin engine helicopters in- 
cluding Sikorsky’s HSS-1F, HSS-2 (left), and 
S-62; Kaman’s HU2K (left); and Vertol’s 
YHC-1A and H-21D. 


T64. Low SFC and attractive power-to-weight 
ratio make G.E.’s versatile T64 turboprop/ 
turboshaft ideally suited for a variety of air- 
craft. Among them: helicopters and fixed wing 
designs (right), skycranes, new VTOL/STOL 
designs. Turboprop configurations, with gear- 
box above or below centerline, deliver 2570 
eshp at .522 ESFC. Turboshaft versions pro- 
duce 2650 shp at .506 SFC. All models have 
common power sections, differ only in gearing 
and accessories. 
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27 million jet flight hours mean 


Thoroughly Proven Powerplants 


for commercial aviation 


CJ-805-3 G.E.’s first commercial engine, the CJ-805- 
3, enters airline service this spring. It will provide the 
power to carry passengers in Convair 880 jetliners at 615 
miles per hour. The CJ-805 weighs 2800 pounds, delivers 
more than 11,000 pounds of thrust. It is 110 inches 
long, 32 inches in diameter. 
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CT58 The CTS8is the first U.S. turboshaft to be FAA- 
certificated. It will power the twin-turbine Sikorsky 
S-61 and Vertol 107 (both in main illustration above) 
which begin passenger service next year. Sikorsky’s 
CT58-powered single-engine S-62 is being offered to 
helicopter operators and corporations. 











G-E engines will be the most thoroughly tested yet to enter airline service. For example, 
General Electric’s CJ-805-3 flight test program was the first of its kind ever undertaken 
by a U.S. manufacturer at his own expense to test a commercial turbojet under flight 
conditions. The CJ-805 powered Convair 880 (top) has exceeded all of its performance 
guarantees and performed reliably in flight test. Delta Air Lines’ first Convair 880 
established speed records on its maiden coast-to-coast flight. 

Jetliners powered by CJ-805-3 or -23 engines have been ordered by American 
Airlines, Avensa (Venezuela), Capital Airlines, Civil Air Transport (Formosa), 
Delta Air Lines, REAL (Brazil), Scandinavian Airlines System, Swissair, and Trans 
World Airlines. 

At the other end of the power spectrum: America’s first turbine-powered commercial 
helicopters, already on order by all three of the nation’s major helicopter airlines, will 
be powered by G-E CT58 engines. Next natural step: turbinization of helicopters and 
transports owned and operated by industry. 











CJ-805-23 General Electric is flight testing its leased 
B-66 with aft-fan CJ-805-23 engines. When tests began, 
it marked the first time an engine manufacturer had test 
flown a turbofan engine as the primary powerplant of an 
aircraft. The twin aft-fan engines are performing 
reliably—proving themselves prior to airline service. 
CJ-805-23 engines will power the Caravelle VII and 
Convair 600. 


CF700 Compared to turbojets in its class, the CF700 
turbofan will provide higher thrust per dollar, greater 
range, shorter take-off, and less noise. The CF700 will 
combine the proven J85 gas generator and a scaled- 
down version of the CJ-805-23 aft-fan to produce 4000 
pounds sea level thrust at 0.69 SFC. Flight-worthy 
CF700’s are scheduled for April, 1961, with FAA- 
certificated engines available in February, 1962. 





27 million jet flight hours mean 


Greater Capability 


for tomorrow’s aerospace missions 


Twenty-seven million jet flight hours form 
a solid foundation upon which General 
Electric research and development can build 
to meet the needs of the near and distant 
future. 

The Mach 3 North American B-70 
Valkyrie bomber, for example, represents 
the next stride forward for manned aircraft. 
G.E. is developing the highly advanced J93 
engines which will power it. 

General Electric, under contract with 
USAF and the AEC, is developing a 
nuclear propulsion system for America’s 
first nuclear-powered aircraft, as revolu- 
tionary as the B-70. 

In rocket, VTOL, and space power and 
propulsion, systems now being investigated 
at General Electric will help make propul- 
sion progress. 


To achieve the challenging objectives of — 


the present and the future, G.E. applies its 
knowledge and experience, and marshals 
R&D facilities among the most complete in 
the nation. 

G.E.’s more than 100 research labora- 
tories strive for new basic knowledge which 
can be applied to aerospace progress. For 
example, at the pioneering General Electric 
Research Laboratory, basic research is lead- 
ing to advances in metallurgy, cryogenics, 
and other sciences vital to aerospace prog- 
ress. These activities supplement the direct 
efforts of extensive aircraft gas turbine R&D 
facilities at Evendale, Ohio, and Lynn, 
Massachusetts. 





NUCLEAR PROPULSION 


This special test assembly was designed and built by 
General Electric under contract. It consists of a nuclear 
reactor, shield, controls, and two modified J47 engines. 
General Electric first successfully operated a turbojet 
on nuclear power in 1956. Development progress is 
continuing. 
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TOMORROW’S VTOL 
Currently under development, General 
Electric lift fan engines hold promise 
for a new generation of aircraft which 
can take off straight up, hover, and 
move forward at high speeds. 


ROCKET POWER 


Development concepts at 
G.E. include plug nozzle en- 
gines (below) which are mark- 
edly smaller than conven- 
tional engines of the same 
thrust. 


J93 The General Electric Mach 3 J93 will 
power the North American B-70 Valkyrie to 
cruising altitudes above 70,000 feet and 
speeds of more than 2000 mph. 


ION ENGINES 


In the void of space, a few ounces of thrust 
can control vehicle flight paths. One way to 
achieve this thrust: electrical propulsion. G.E. 
is investigating an ion engine which electro- 
statically accelerates mass, such as cesium 
ions, to produce thrust. 
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Milestones 


in General Electric’s 27 million jet flight hours 





In 1942, the first jet flight in America was 
General Electric powered. Twin I-A engines 
(above) powered the Bell P-59 at 450 mph. 


The J47 powers Boeing B-47 Stratojet bombers, backbone o: 
America’s deterrent strength during the past decade. 


America’s first Mach 2 engine, the J79, won accolades for 
performance and reliability. Vice President Nixon (center) 
presented the Collier Trophy to (left to right) USAF pilots 





North American’s F-86 Sabre Jets, powered by Major Walter Irwin and Lt. Col. Howard Johnson, G.E.’s 
General Electric J47’s, scored a 14-1 victory Gerhard Neumann and Neil Burgess, Lockheed’s Clarence 
ratio in Korea. Johnson for F-104/J79 design and flight. (186-38) 


GENERAL ELECTRIC ENGINES POWERING THESE AIRCRAFT HAVE FLOWN MORE THAN 27 MILLION JET FLIGHT HOURS 


BELL XP-59A CONVAIR XP-81 LOCKHEED P-80 NORTH AMERICAN F-86H REPUBLIC XP-84 
BELL XP-83 © DOUGLAS RB-66A LOCKHEED F-104 NORTH AMERICAN XFJ-1 REPUBLIC XF-84J 
BOEING B-47 DOUGLAS XA-26F _ MARTIN XB-48 NORTH AMERICAN FJ-2- REPUBLIC XF-91 

- BOEING KB-50 DOUGLAS XB-43A MARTIN XB-51 NORTH AMERICAN A3J-1 RYAN FR-1 
CHANCE VOUGHT REGULUS I! DOUGLAS XB-53 McDONNELL F4H-1 NORTH AMERICAN XT-39 RYAN XF2R-1 
CHASE XC-123A DOUGLAS XF4D McDONNELL GAM-72 NORTHROP N-156 F SIKORSKY HSS-1F 
CONVAIR B-36 DOUGLAS 0-558 NORTH AMERICAN B-45 NORTHROP T-38 - SIKORSKY HSS-2 
CONVAIR B-58 GRUMMAN F11F-1F NORTH AMERICAN F-86 NORTHROP XF-89 SIKORSKY $-62 
CONVAIR 880 KAMAN HU2K NORTH AMERICAN F-86D NORTHROP YB-49 . VERTOL H-21D 


_ CONVAIR XB-46 — VERTOL YHC-1A 


FLIGHT PROPULSION DIVISION . 
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CINCINNATI, OHIO AND LYNN, MASSACHUSETTS 
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A flash of flame on a Florida beach 
marked the birth of a loquacious little 
lanet last month. 

It was Pioneer V, to date America’s 
greatest space achievement. By early 
April, the ninety-four-pound, beach- 
ball-size sphere was expected to be 
bout four million miles from earth, 
lipping along at a speed of some 
i a minute toward 


ve gone some fifty million miles 
ince its March 11 launching from 
ape Canaveral, Fla., on the nose of 
USAF Thor-Able rocket. Far less 
ileage than that separated it from 
ur planet because we were moving in 
e same general direction at present. 
Pioneer V was designed to perform 
a number of research projects in 
space, at the same time paving the 
way for other launches already 
planned by the National Aeronautics 
and Space Administration. Most im- 
mediately impressive Pioneer V char- 
3 acteristic was its ability to keep in 
.e touch. Its radio gear was considered 
8) the most powerful ever sent beyond 
the earth-moon system. Early in Pio- 
neer V’s career, it broke the old dis- 
tance record for deep-space com- 
; munication with earth, 407,000 miles, 
set by Pioneer IV last year before it 
ceased transmitting. 

Pioneer V joined Pioneer IV, which 
weighed in at. 13.4 pounds, and 
Russia’s one-and-one-half-ton Mechta 
in orbit around the sun. Superior radio 
equipment and other advanced in- 
strumentation, as well as a different 
orbital path, distinguished the new 
member of the family. 

Also more than mildly impressive 
to the layman was one estimate of 
the length of time it will remain in 
orbit: 100,000 years. Other experts 
hoped only for “decades.” A- major 
hope was that, however long Pioneer 
V lives, its electronic voice would re- 
main strong enough to keep relaying 
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secrets back from the sunny side of 
the solar system. 


Ww 


The flying saucer, like a cold-war 
Kilroy, keeps turning up here, there, 
and everywhere—year in and year out. 
Two sighting reports came this month 
from seemingly reliable sources. 

The first was from Alaska. Several 
persons living in the 150-mile stretch 
between Nome and St. Michael noti- 
fied authorities that “silvery flying 
objects” passed overhead on the night 
of Sunday, February 14. One man 
near Nome said “a number” of these 
objects flashed by at a “tremendous” 
clip at an altitude of 2,000 to 3,000 
feet, then curved “up and away.” 

An Elmendorf AFB information 








officer, Maj. Roy E. Haines, noted 
that “some said the objects were low 
and slow, others that they were high 
and fast.” In Colorado Springs, a 
North American Air Defense Com- 
mand spokesman confirmed that offi- 
cials were looking into the matter. 

Three weeks later, a Dubuque, 
Iowa, flying instructor informed fed- 
eral authorities that he had seen “three 
silver, saucer-shaped objects” moving 
at about 200 miles an hour 20,000 
feet over the Mississippi River. “They 
didn’t look like planes or weather 
balloons and left no vapor trails,” 
Charles Morris, thirty-one, later told 
newsmen. 

The objects showed up, he said, 
in the late afternoon sun as he and 

(Continued on page 27) 





Pioneer V. Two views of NASA’s heavenly beachball. Right, above, three-stage 
Thor-Able launching rocket provided by Air Force Ballistic Missile Division 
lifts off with new planetoid aboard. Sphere’s instrument package was de- 
signed and built by Space Technology Laboratories, systems engineers for 
USAF space efforts. Left, Pioneer sits atop third stage of rocket booster, both 
under fiberglas shroud, during the final stages of prelaunch technical checkout. 
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Toward The mi i 
Orbital Path of Venus 





At this moment Pioneer V, one of the most advanced space 
probe vehicles ever launched, is on a course toward the path 
of Venus—26 million miles from earth. Blasted aloft March 11 
by aThor Able-4 rocket booster, this miniature space laboratory 
will reach its destination in about 130 days. 

The project, carried out by Space Technology Laboratories 
for the National Aeronautics and Space Administration under 
the direction of the Air Force Ballistic Missile Division, may 
confirm or disprove long-standing theories of the fundamen- 
tal nature of the solar system and space itself. 

Energy from the sun—captured by almost 5,000 cells 
mounted in the four paddies—is used to supply all of the elec- 
trical power to operate the sophisticated array of instrumenta- 
tion packed into the 94-pound spacecraft which measures only 
26” in diameter. 
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Cape Canaveral e Manchester, England e Singapore e Hawaii 
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By combining a phenomenal digital electronic brain (telebit) 
with a powerful radio transmitter inside the satellite, STL scien- 
tists and engineers expect to receive communications from 
Pioneer V at their command over interplanetary distances up 


to 50 million miles. 


STL’s technical staff brings to this space research the same 
talents which have provided over-all systems engineering and 
technical direction since 1954 to the Air Force missile pro- 
grams including Atlas, Thor, Titan, Minuteman, and related 


space programs. 


Important positions in connection with these activities are now availa 
ble for scientists and engineers with outstanding capabilities. Inquiries 
and resumes are invited. 


SPACE TECHNOLOGY LABORATORIES, INC. 6p 
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others stood watching a stunt plane 
performing over the river on March 
5. Aviator Morris was filming the 
stunt plane with a moving picture 
camera; he was understood to have 
turned his film on the mysterious ob- 
jects and supplied a certain amount 
of supporting footage with his official 
sighting report. 
Ww 


The missile month was mixed. 

Titan achieved new glories on Feb- 
ruary 24, boosting a dummy warhead 
5,000 miles down the Atlantic Missile 
Range from Cape Canaveral, longest 
Titan flight thus far. The missile per- 
formed perfectly for the second time 
in a ten-month test period. Happiest 
moment came when, two minutes up 
and out from Cape Canaveral, the 
ninety-two-foot bird’s troublesome 
second stage ignited with a great, 
triumphant puff. 

Next try, however, on March 8, 
second-stage malfunction was _ back 
to haunt USAF and Martin Company 
technicians. The bird flew for fifty- 
eight seconds. The shot was judged 
a “partial success.” Its new all-inertial 
guidance system was believed to have 
functioned satisfactorily. 

That same day, a Convair Atlas, 
also testing a fully developed inertial 
guidance system, blazed out from the 
Cape for its twenty-first successful 
launch in succession. But the winning 
streak ended there. 

Two days later, an _ after-dark 
launch attempt flopped. The Atlas on 
this occasion rose a few feet slowly 
and majestically, then toppled over 
and exploded in a boiling inferno. 
It was the second Atlas explosion in 
one week. The first did not take place 
during a launch. On March 5, an 
Atlas blew up on its operational pad 
at Vandenberg AFB, Calif., during a 
SAC fuel-transfer training exercise. 
It was the first major accident of its 
kind. No personnel were injured. 

USAF’s newest and oldest long- 
range missiles each had a happy out- 
ing on March 3. Boeing’s Minuteman, 
a second -generation solid-propellant 
ICBM in an early developmental 
stage, shot several hundred feet in- 
to the air from its underground silo 
at Edwards AFB, Calif. The flight 
was Minuteman’s sixth successful teth- 
ered test. In these tests, some 2,000 
feet of nylon cable hold the nose cone 
and arrest the missile in flight. 

Snark, the Northrop _interconti- 
nental cruise missile, took a 5,000- 
mile hop down the Atlantic Missile 
Range. Snark travels at only 600 miles 
an hour. Atlas, by comparison, zooms 


AIR FORCE / SPACE DIGEST ¢ April 1960 


CONTINUED 





With 96th F-I Squadron deactivated, its former Commander, Brig. Gen. Milton 





Ashkins—who now heads 73d AD—presents Hughes Award the outfit won for 
air defense proficiency to NORAD’s General Kuter. At right, Hughes’ Jack Rowe. 


along at about 18,000 mph. Opera- 
tional Snarks are deployed at Presque 
Isle AFB, Me. 

Also on the missile scoreboard: The 
first SAC firing of the command's 
air-launched guided missile, the North 


American Hound Dog, took place on 
February 29 from a B-52G over the 
Atlantic Missile Range. The plane 
launched two of the 500-mile-range 
missiles, which were delivered to SAC 
(Continued on page 29) 











N.A.S.A.’s Project MERCURY, first U.S, manned 
Space Capsule, built by McDonnell Aircraft. 
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For information on Philco TechRep Contract Engineering and Installation, please contact: . 
Philco TechRep Division, “C” and Ontario Sts., P. O. Box 4730, Philadelphia 34, Pa. 


ILCO, TecuRep DIVISION 


... Without spreading -your engineering 
Staff too thin 





Contract Engineering and Installation by Philco TechRe 
Division extends your capability to operating facilities in 
the field. Your engineering staff is not burdened with 
excessive travel or the problems of installation . . . you don’t 
have to worry about the availability of competent engineers 
and technicians . . . yet you never lose control of quality. 

With over 3,000 experienced field engineers devoted 
solely to Contract Technical Services on all makes and types 
of equipments and systems, Philco TechRep’s global man. 
agement organization selects top technical talent ideally 
qualified for your specific project . . . directly responsi. 
ble to you. 

Whether it’s for a single installation, or as your accredited 
field engineering organization, the team assigned will be 
fully qualified to assume complete management responsi- 
bility, or to handle any part eh job, from site survey to 
acceptance testing and turnover . . . including all associated 
construction and building. 
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the month previous. And a Boeing 
Bomarc B air-defense missile blew up 
on its launch pad at Cape Canaveral 
on March 5. It was the seventh 
straight launch failure for the Super 
Bomarc. Bomare A missiles are opera- 
tional on site at McGuire AFB, N. J. 

Two operational IRBMs, both well 
past the test stage, also were in the 
news. The last of sixty Douglas Thors 
turned over to Britain’s Royal Air 
Force was flown to Britain in a Douglas 
C-124 Globemaster on March 8. Thors 
will keep coming off the production 
line for use in space projects, among 
which was Pioneer V. An unconfirmed 
report widely printed in this country 
also said that Chrysler Jupiters had 
arrived in Italy for the scheduled de- 
ployment there. 


Ww 


“It looked as if a giant foot had 
stepped on the city and squashed it 
flat.” 

This was Agadir, Morocco, as seen 
from an Air Force cockpit last month. 

Two earthquakes and a resultant 
tidal wave laid the Arab resort city 
low on February 29. US armed service 
rescue teams reached the scene almost 
immediately. 

The Air Force flew supplies in and 
casualties out, and also provided more 
than a hundred men for round-the- 
clock duty helping dig victims from 
the debris. At the same time, depend- 
ents at US bases in Morocco collected 
clothes, blankets, and money for the 
relief effort. 

During the first few days after the 
earthquake struck, an average of one 
Air Force or Navy plane every twelve 
minutes put down at an undamaged 
French airfield south of the city—most 
of them MATS C-124 Globemasters 
and C-130 Hercules aircraft under the 
operational control of Headquarters 
USAFE, at Wiesbaden Air Base, Ger- 
many. 

On-the-spot aid came from person- 
nel at the several SAC bases in Moroc- 
co—Ben Guerir, Boulhaut, Nouasseur, 
and Sidi Slimane—as well as the Navy 
at Port Lyautey and French military 
units stationed in the area. 

Among those dug from the rubble 
by a relief team from Nouasseur were 
an Air Force officer, Lt. Jerald E. 
Martin, his wife and daughter. He 
is stationed at Sidi Slimane. Head of 
the team was Capt. William R. An- 
drews, a SAC civil engineer. 

More than 500 casualties were air- 
lifted to Moroccan hospitals. Hundreds 
of others were treated at USAF base 
hospitals. 

Estimates of the total number of 
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Maj. Gen. Arno H. Luehman, USAF Director of Information, awards Legion of 
Merit to Maj. Ray Houseman for outstanding service in information field. The 
major has been transferred from New York to Saudi Arabia. His mother looks on. 


Moroccan dead in flattened Agadir 
ranged from 6,000 to 12,000. 


ww 


% A few loads of scrap from the 
billion-dollar salvage grounds of Davis- 
Monthan AFB, Ariz., have been con- 
verted to a resort hotel. 

Gls in the Korean War novel Wake 


Me When It’s Over used battle-line 
scrap to build their own hotel, Film- 
ing the novel, Twentieth Century-Fox 
hit on Davis-Monthan, final resting 
place for USAF planes and equipment, 
as a likely source for building supplies 
to duplicate this fictional feat. 

The moviemakers hauled away sev- 

(Continued on page 31) 











USAF BOMARC Missile produced by Boeing Airplane Co 
—equipped with Tl-built PDM/FM/FM telemetry system. 
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... for modern long-range communications 


Pony Express riders began an American tradition for 
the reliable relay of important messages over long dis- 
tances. Today, Bendix is proud of its role in extending 
this tradition to SAC communications through the active 
radio relay satellite program. 


Under Project STEER, Bendix has prime responsibility 
for the entire communication system. STEER will use 
polar orbit satellites to relay commands and pilot mes- 
sages between Air Force ground stations in the United 
States and SAC bombers ranging on global missions. 
The ideal vantage point of a satellite relay will permit 
utilization of line-of-sight advanced UHF techniques. 
The fading and interference problems inherent in the 


Bendix Systems Division By-4#7% 


ANN ARBOR, MICHIGAN 


ionospheric transmissions of present HF long-range com- 
munications will be avoided. 


Other space age projects at the Bendix Systems 
Division include magnetohydrodynamics, highly reliable 
radiation-resistant communication equipment, interpreta- 
tion and prediction of infrared reconnaissance, new 
satellite stabilization techniques, and communication 
methods to penetrate the ionized shock layer surrounding 
hypersonic vehicles. Additional projects involve satellites 
for weather and ground infrared reconnaissance, and for 
radio navigation. 


Opportunities are open to better engineers and scientists 
interested in participating in advanced space programs 
in an ideal scientific climate. 
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eral truckloads of old propellers, navi- 
gators blisters, jet intakes, wing tanks, 
pierced-steel landing mats, assorted 
pipe, wire, canopies, time-worn bomb 
casings, miscellaneous pieces of fuse- 
lage, and the like. Today, the odds 
and ends from Davis-Monthan are a 
striking movie-lot hostelry. 

Skilled studio workmen performed 
the actual construction. But actors 
stood in for them at some points for 
the purpose of filming. Both the 
building of the scrap-heap hotel and 
the finished product figure in the pic- 
ture. 

* North American X-15 test pilot 
Scott Crossfield says this is one of his 
favorite stories: “I was out at Wright- 
Patterson going through the various 
tests they say flyers should take from 
time to time. One of the examiners 
asked the guy next to me, ‘How would 
you like to be a famous test pilot like 
Crossfield?’ He answered, “No thanks, 
it's bad enough being a chimpanzee.’ ” 

Space pioneer Crossfield, speaking 
to an Aviation Writer's Association 
luncheon in Washington early this 
year, also drew chuckles when he 
described his experimental craft as 
“the first-class compartment of the 
B-52 mother plane which carries it 
aloft.” He added, “As old fighter pilots, 
the only thing some of us find danger- 
ous about planes like the X-15 is that 
we have to go up with a bomber first.” 

* On George Washington’s birth- 
day, a former Air Force officer and 
AFA member of our acquaintance 
paid a visit to Bowie, a place in near- 
by Maryland where horses run around 
a track, The patrons, if this is an area 
where you are not familiar with the 
state of the art, are allowed to place 
bets. Our friend says he had this in 
mind when he went to the track, 
and hoped that one or two good 
tickets would help him forget some 
of the current headlines. Bowie, on a 
national holiday, looked like a good 
outlet. 

Sure enough the card showed, in 
the third race, a pony named Tooey 
Spaatz. Here was an opportunity. 
General Spaatz ran first as Chief of 
Staff. There was every reason to be- 
lieve he could keep it up. Well, you 
guessed it~Tooey Spaatz ran a poor 
fifth, But all was not lost. In the sixth 
race there was an entry tagged Ira 
Eaker—another general, one who made 
history with the Eighth Air Force. 
Surely he would head for the Wild 
Blue Yonder. Our friend made for the 
two-dollar window, but before he 
could grab a ticket the loud speakers 
aborted the mission: Ira Eaker was 
scratched. 
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Chuting missile. Martin Mace drifts 
to earth beneath parachutes after 
flight at Holloman AFB, N. M. Mis- 
sile is reused after such recoveries in 
Mace crew training program at base. 


The Air Force veteran says he is 
going back to Bowie some day soon. 
He will look for an entry named Mac- 
Arthur, Radford, or Manual Training. 


Ww 


CONTINUED 


Elsewhere in the aerospace world: 

A “mystery satellite” occupied na- 
tional attention briefly. The Depart- 
ment of Defense announced existence 
of what appeared to be an unidenti- 
fied satellite on February 10, some 
two weeks after US tracking stations 
picked it up. In early March, DoD 
said that it appeared to be the carrier 
rocket of the Air Force’s Discoverer 
V satellite launched last August. 

A North American X-15 aerospace 
vehicle completed two more flights 
and was turned over to the Air Force 
and NASA at the beginning of March. 
On February 11, in its fifth powered 
flight, the X-15 reached an altitude 
of 80,000 feet in a four-minute flight 
over Edwards AFB, Calif., after 
launching from a B-52. On February 
17, pilot-engineer Scott Crossfield took 
the X-15 through its first power dive, 
attaining a speed of 1,400 miles an 
hour and a pullout pressure of six Gs. 
On the 29th, the first of the three 
X-15s in existence was accepted from 
the manufacturer to enter a USAF- 
NASA test program. 

The bodies of five US World War 
II airmen were discovered in the 
Libyan desert on February 10. Their 

(Continued on page 33) 











U. S. Army Signal Corps SWALLOW AN/USD-4 Combat Reconnaissance Drone 
Produced by Republic Aviation—Equipped with Ti Surveillance Sensors 
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Day or 
| night ia 
on station... 


eceiiers at sea, crews of U.S. military patrol gation systems of maximum accuracy and reliability. 
aircraft are intent on preventing a surprise attack by § These systems make use of periodic starlight informa- 
enemy bombers. Critical to the success of this patrol tion...day or night...to correct for the gyro drift 
network is continuous knowledge of position and attitude. —_ inherent in all pure inertial systems. 

For all missions of long flight times, Autonetics has Autonetics stellar-inertial subsystems now in test 
developed and produced stellar-monitored inertial navi- | meet requirements for ASW, AEW and reconnaissance. 


Stellar-Inertial navigation by Autonetics @) 


DOWNEY, CALIFORNIA 
A DIVISION OF NORTH AMERICAN AVIATION, INC. * REGIONAL OFFICES: WASHINGTON, D.C. AND DAYTON, OHIO 
INERTIAL NAVIGATION / ARMAMENT AND FLIGHT CONTROL / COMPUTERS AND DATA SYSTEMS 








AEROSPACE WORLD 





forced-down B-24 Liberator, Lady Be 
Good, was found in the desert last 
May in a high state of preservation. 
There was no sign of the eight-man 
crew at the time. 

France joined the US, Britain, and 
Russia in the “nuclear club” with the 
explosion of an atomic device in the 
Sahara on February 13. She was ex- 
pected to follow this with explosion 
of an operational A-bomb and then, 
possibly, an H-bomb. 

The State Department announced 
on February 17 that USAF’s third 
Ballistic Missile Early Warning Sys- 
tem (BMEWS) station will be erected 
on Fylingdales Moor, Yorkshire, Eng- 
land. The first two sites are in Green- 
land and Alaska. Earlier ‘speculation 
had suggested that the third might be 
in Scotland rather than England. 

USAF failed in an attempt to put 
its Discoverer X satellite into orbit 
on February 19. The satellite was de- 
stroyed within a minute after launch 
when it veered toward land, the first 
launch failure in ten Discoverer shots. 

A test version of a USAF Midas 
early-warning satellite burned up 
about five minutes after takeoff from 
Cape Canaveral on February 26, due 
to malfunction of retrorockets that 
were to have separated its two stages. 

An automatic bomb alarm system 
to report nuclear attacks anywhere 
in the nation to Air Force command 
centers was announced on March 7. 
It will not be a warning network, 
but a post-attack signal system. 

A suburban Washington, D. C., 
high school senior and a freshman at 
the Massachusetts Institute of Tech- 
nology have communicated with each 
other by bouncing ham radio signals 
off US and Russian artificial satellites, 
it was reported on March 10. So far 
as is known, scientists have not yet 
accomplished this feat. 

Russia has ordered four US heli- 
copters, two from Sikorsky and two 
from Vertol, for the use of Premier 
Khrushchev and other Red dignitaries. 
They were of the types Mr. K was 
flown in during his visit here last year. 
A Soviet spokesman in Washington 
explained on March 10 that Russia 
makes its own ‘copters, but “you 
started earlier on them,” and so have 
better ones, 

Thirty-six Navy picket destroyers 
retired from duty patrolling the At- 
lantic and Pacific flanks of the DEW 
Line early in March, leaving this re- 
sponsibility in the hands of naval 
patrol aircraft. The ships took up 
other duties or entered the mothball 
fleet. The move coincided with con- 
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tinuing USAF fighter-interceptor cut- 
backs regretted by NORAD but dic- 
tated by budget and technological fac- 
tors. At the same time, also in the 
air defense area, NORAD received a 
USAF green light to construct an 
underground combat headquarters in 
the Colorado Rockies—an on-again- 





CONTINUED 





Then-and-now pump pictures pro- 
vide interesting constrast. Left, Kellogg 
FSL from Curtiss NC-4 that made the 
first Atlantic crossing in 1919. At 
right, Kellogg AP6V, four of which 
are installed in the McDonnell F-101 
Voodoo jet fighter. Old model was 
a masterpiece of design simplicity. 
New model is a bit more sophisticated. 


off-again project in the recent past. 
Gen. Nathan F. Twining, Chair- 
man of the Joint Chiefs of Staff, left 
the hospital in Washington on March 
14, following convalescence from an 
appendectomy on February 22. Gen- 
eral Twining, who was operated on 
(Continued on following page) 











Environmental testing of TARmac ASR-4 Airport Surveillance Radar 
System, developed and produced for the Federal Aviation Agency. 
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The nage STELLARDYNE is 
synonymous with) Testing Service. 
Experienced tedinical personnel 
operating precisigh equipment offer 
economical, relidgle and accurate 
testing—regardlesg of requirements! 


DEVELOPMENT TESTING 
QUALIFICATION TESTING 
PRODUCTIO§ TESTING 
INSPECTIONS TESTING 


RELIABILITY PLANNING, 
EVALUATION & CONTROL 


e INDEPENDENT EVALUATION 


e ASSISTANCEJIN PERFECTING 
“BUILT-IN” RELIABILITY 


RESEARCH IN MISSILE 
EVALUATION 


STELLARDYNE can test and report on 
any product or component in any 
dimension or environment, as well 
as in combinations of environments, 
through our Space-Age “Combined 
Environments” Facility. 


Whatever your requirement —if you 
need answers—STELLARDYNE can help 
you, reliably, expeditiously and 
economically. Find out now how 
STELLARDYNE capabilities can work 
profitably for you! 


STELLARDYNE LABORATORIES, INC. 
1525 Cuyamaca St. « Gillespie Field 
El Cajon, Calif. Phone Hickory 2-1693 
San Diego: Hickory 4-TEST 
Los Angeles: STate 2-7679 
San Francisco: YOrkshire 8-6027 
Dayton, O.: AXminster 8-5239 


WRITE OR CALL 


for illustrated facilities brochure today 
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for cancer last year, was said to be 
in “good condition.” 


xe 


STAFF CHANGES... On April 1, 
Brig. Gen. Paul L. Barton, Com- 
mander, Hq. Northern AMA, Pacific, 
AMC, will become Deputy Comman- 
der, Air Materiel Force, Pacific Area, 
AMC, and on August 1, General 
Barton will be reassigned to duty as 
Director of Logistics Plans, DCS/ 
Materiel, Hg. USAF, Washington, 
D. C.... Effective April 15, Maj. 
Gen. William M. Canterbury, from 
duty as DCS/Research and Engineer- 


ing, ARDC, to Commander, AF Re-- 


search Division, ARDC, Washington, 
D. C. General Canterbury’s post 
will be assumed by Maj. Gen. Marcus 
F. Cooper, who is now Assistant Ad- 
ministrator, Office of Plans and Re- 
quirements, FAA, Washington, D. C. 

. Brig. Gen. Chester W. Cecil, 
formerly Assistant CofS, Comptroller 
PACAF, now with DCS/Administra- 
tion and Logistics, PACAF. . . . Maj. 
Gen. James V. Edmundson, from As- 
sistant Director to Deputy Director, 
Personnel Procurement and Training, 
Office, DCS/Personnel, Hq. USAF, 
Washington, D. C. 

Brig. Gen. Lee W. Fulton, from 
duty with DCS/Materiel, ARDC, An- 
drews AFB, Washington, D. C., to 
DCS/Materiel, MATS, Scott AFB, Ill. 
. . . Brig. Gen. Frederic C. Gray, 
formerly with DCS/Operations, Hq. 
12th AF, TAC, Waco, Tex., and addi- 
tional duty of Deputy Commander, 
12th AF, is now Director of Opera- 
tions and Training, TAC, Langley 
AFB, Va... . Effective July 10, 
Brig. Gen. Donald L. Hardy, Director 
of Plans and Programming, AMC, 
Wright-Patterson AFB, Ohio, will be- 
come Commander, Hq. MAAMA, 
AMC, Olmsted AFB, Pa... . Maj. 
Gen. William T. Hefley, now Com- 
mander, Hq. AMFEA, AMC, will be- 
come Commander, Hq. WRAMA, 
AMC, Robins AFB, Ga., on July 16. 
. . . On July 1, Brig. Gen. Bertram 
C. Harrison, Deputy Director, Per- 
sonnel Procurement and Training, 
DCS/Personnel, Hq. USAF, Wash- 
ington, D. C., will assume duty as 
Deputy Commander, OCAMA, AMC, 
Tinker AFB, Okla. . . . Brig. Gen. 
Royal Hatch, Deputy for Air National 
Guard Affairs of Continental Air Com- 
mand, will become Deputy Chief of 
Staff, Personnel, of USAFE, in early 
May. 

Brig. Gen. Benjamin G. Holzman 
from Commander to Vice Commander, 
Hq. AF Research Division, ARDC, 


Washington, D. C., on April 15.... 
Brig. Gen. Harold E. Humfeld, from 
Commander, 17th Air Division, SAC, 
Whiteman AFB, Mo., to Commander 
40th Air Division, SAC, Wurtsmith 
AFB, Mich. . . . Maj. Gen. Robert B. 
Landry, now Assistant DCS/Person- 
nel, Hq. USAF, Washington, D. C., 
to Commander, Hq. SMAMA, AMC, 
McClellan AFB, Calif., on June 28. 
. . » OnJuly 1, Brig. Gen. Lawson S. 
Moseley, Jr., now Assistant CofS, 
Plans (A-5) Hq. PACAF, will become 
Director, Research Studies Institute, 
Air University, Maxwell AFB, Ala. 
. .. Maj. Gen. Harry C. Porter, Com- 
mander, Air Materiel Force, Pacific 
Area, AMC, will become Director 
of Plans and Programming, AMC, 
Wright-Patterson AFB, Ohio, on July 
10. . . . Maj. Gen, George E. Price, 
Commander, Hq. SMAMA, AMC, Mc- 
Clellan AFB, Calif., will, on August 
1, become Commander, Hq. AMFEA, 
AMC. 

Brig. Gen. Paul T. Preuss, former 
Deputy Director of Research and De- 
velopment, DCS/Development, Hq. 
USAF, is now Assistant Administrator, 
Office of Plans and Requirements, 
FAA, Washington, D. C. .. . Brig. 
Gen. Robert C. Ruegg, Deputy Di- 
rector, J-4 (Logistics), Central Con- 
trol Group (Office, JCS), Hq. USAF, 
Washington, D. C., will become 
Deputy Commander, SBAMA, AMC, 
Norton AFB, Calif., on August 24. 
. . . On May 21, Brig. Gen. George 
F. Schlatter, Assistant CofS, J-3, Hq. 
Carribean Command, will be assigned 
to duty as Assistant to Commander, 
Hq. USAF, Bolling AFB, Washington, 
D. C.... Brig. Gen. Avelin P. Tacon, 
Jr., now Commander, 83lst Air Di- 
vision, TAC, George AFB, Calif., will 
become Deputy Commander, 12th 
AF, TAC, Waco, Tex., on June 5.... 
Brig. Gen. Ralph L, Wassell, now 
Assistant DCS/Research and Engi- 
neering, ARDC, Andrews AFB, Wash- 
igton, D. C., will on April 15 become © 
Deputy Director of Research and De- © 
velopment, DCS/Development, Hq. 7 
USAF, Washington, D. C. .. . Brig. 7 
Gen. John W. White, Deputy Chief ~ 
of Defense, Atomic Support Agency, ~ 
Hq. USAF, Washington, D. C., will 7 
on August 1 become Commander, ~ 
3079 Aviation Depot Wing, AMC, © 
Wright-Patterson AFB, Ohio. . . . Brig. 7 
Gen. Delmar E. Wilson, former Com- ~ 
mander, 36th Air Division, SAC, 7 
Davis-Monthan AFB, Ariz., is now 7 
Commander, 821st Air Division, SAC, ~ 
Ellsworrth AFB, S. D. Z 

RETIRED. . . . Brig. Gen. Robert 7 
O. Cork.—Enp 3 
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Westinghouse presents working proof 


of the principle of molecular electronics 
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VIDEO AMPLIFIER: made with MULTIVIBRATORS: _bi- 
a tiny wafer from a ribbon of stable, monostable, and 
germanium crystal. This func- astable—covering fre- 
tion block also works like a quencies from 1 cycle or 
radar amplifier sub-system. less to 3 megacycles, 
Gain is essentially flat to fre- Shown is a free running 
quencies of several megacycles. multivibrator alongside 
: paper clip. 


POWER AMPLIFIER: Button-sized molecular electronic 
device held by girl with a pair of tweezers performs the 
same amplifying function as a conventional 5-watt ampli- 
fier, has a frequency range from zero to 20,000 cycles. 
Working element is a block about as large as the head of 
@ pin. 


LIGHT TELEMETRY SUB- 
SYSTEM: a single light- 
responsive monolithic ele- 
ment delivers output 
whose frequency is a meas- 
\ure of light intensity. 


MULTI-POSITION SWITCHES: these molecular 
electronic devices evolved out of Westing- 
house work on multivibrators—the “OR” 
logic switch illustrated has important poten- 
tial applications in missile countdown func- 
tions. 








D-C AMPLIFIER: connected to a solar cell, this tiny block takes an in- 
put of 4 milliamps... via flashlight beam, raises it to 40-watt output. 


Be 


CRYSTAL RIBBON requires no grind- 
ing or lapping. Only a few steps are 
needed to turn these “educated” 
crystals into working electronic sys- 


CRYSTAL GROWING techniques developed by Westinghouse have already 
produced germanium dendrites 300 feet long in the special furnace shown 
at left, above. Crystal ribbons of almost any length are possible. The take- 


up reel at right holds 300 feet of the brittle dendrite with each turn cushioned 
on glass-cloth tape. 


tems. Above, multiple-junction sys- 
tems are shown on a crystal section. 


The meaning of molecular electronics 


RELIABILITY: molecular systems reduce drastically 
the number of components and internal connections 


required—and the fewer components and connections. 


the fewer potential trouble spots. 


MINIATURIZATION: molecular electronic systems are 
less than one-thousandth the volume and weight of 
conventional component systems. This is a conserva- 
tive generalization—in many cases, much more star- 
tling size and weight reductions are possible. 


POWER REQUIREMENTS: input power can drop 
almost as fantastically as size and weight. In a typical 
light telemetering sub-system, a 5-watt input is 
required; the transistorized version gets by with 0.75 
watts. The same function is still performed by a 
molecular electronic block requiring but 0.06 watts. 


ENVIRONMENT: inherently more resistant to g-loads 
because of their small mass and few components, 


Westinghouse-developed molecular systems show 
promise to be temperature and radiation resistant as 
well. New semiconductor materials and new large 
crystal surfaces point to very high temperature and 
power-handling capabilities. 3 


FUTURE: progress in this new field is so rapid, and the 
advantages so great, that the molecular electronics 
concept will find wide applications in air/space elec- 
tronic systems within 3-5 years . . . In particular, 
look for great advances in the state of the art in these 
areas: telemetering e fire control guidance e« com- 
munications e counter weapons e flight control— 
as a direct result of the new molecular electronics era. 


The Air Arm Division of Westinghouse Electric Cor- 
poration holds the U. S. Air Force management contract 
for this project. It is being supported by the Semi- 
conductor Department, the Materials Engineering De- 
partment, and the Westinghouse Research Laboratories. 
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Mix: 


The art of winning a war 


by preventing it 





MERICANS DON’T START WARS. The principle of non-aggression is 
rooted deep in our national character and conscience. 

That’s why this country’s military strategy is based on the ability to 
deliver swift and deadly retaliation once an aggressor moves. It’s also 
why —in this thermonuclear age— America’s retaliatory power must be 
more resourceful, more versatile than ever before. We must have the 
power of total retaliation—plus the swift, all-round capability to meet 
any threat to world peace, anywhere, anytime, 

Today missiles loom large at the world’s conference tables, but the 
strategists around those tables know that missiles alone cannot provide 
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for the full spectrum of military action short of total war. Some victories 
are achieved only by man’s unique ability to capitalize on opportunity... 
make decisions... and care about the result. Only a man can investigate 
«+. return...report. Only a man can be recalled. That’s why only the 
“mix” of both man and machine has retaliatory power plus versatility 
— plus the will to win. 

America’s balance of manned and unmanned weapon systems must 
be kept real enough to give a potential aggressor constant pause. That’s 
why today the Strategic Air Command has the Atlas ICBM and the B-52 
bomber. That is why tomorrow, in the day of the Minuteman ICBM, we 
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will have a high-performance airplane—the B.70 Valkyrie multi-purpose 
bomber. From U.S. bases, this 2,000 mph aircraft with its advanced 
equipment and multiplicity of weapons could strike almost any trouble 
spot in the world within three hours. 

The Mach 3 airplane is being developed to meet these military reali- 
ties. Together with the missile, it provides a flexible, mobile strike force. 
capable of devastating retaliation. It is a recipe for ‘preventive retaliae 
tion—real and fearful enough to avert the war that must not happen, 
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The Republicans Testify 


WasHINGTON, D. C. 

Thomas G. Lanphier, Jr., a now-retired vice president of 
the Convair Division of General Dynamics Corp., recently 
told some congressmen he thinks the United States is in 
the process of losing World War III. A few days later 
Thomas S. Gates, the Secretary of Defense, said he doesn’t 
agree with Mr. Lanphier and “I don’t think very many 
other people do.” 

For his reply, Mr. Gates deserves a good conduct ribbon 
specifically marked as a tribute to the man’s intellectual 
honesty. He did not impugn Tom Lanphier’s motives, 
accuse him of political ambitions for himself or anyone else, 
or scream that he has no right to criticize the Administra- 
tion. Mr. Gates disagrees with Mr. Lanphier, which is legiti- 
mate and proper and entirely what Mr. Lanphier expected. 

It is on the record that a number of other people have 
taken a different approach to the man from San Diego. 
Senator Francis Case (R.-S. D.), for example, delivered 
the opinion that Mr. Lanphier did not go far enough when 
he quit his job but also should “make it clear that he has 
divested himself of any major stock interest in General 
Dynamics Corp., and also any stock option rights he may 
have in that or any other corporation with missiles to sell.” 
One of Mr. Case’s colleagues, Senator Hugh Scott (R.-Pa.), 
joined in the cry with a demand that “those who wish to 
engage in propaganda in an attempt to increase purchases 
of munitions by this country [should] disassociate them- 
selves either from munitions makers or from the armed 
forces, wherever they may find themselves.” 

This concept, that nobody with stock in a defense busi- 
ness or wearing a uniform has a right to criticize our mili- 
tary stature, would gag most Americans who have any sub- 
stantial knowledge of the subject. As Mr. Lanphier pointed 
out to the House Science and Astronautics Committee, we 
are in a technological war in which science and industry 
are teamed with the military to determine the quality of 
our forces in being, and of the future. This, clearly, is a 
message that still has not been delivered in the halls of 
Congress. 

It is unfortunate that Mr. Lanphier had to make his bow 
on Capitol Hill before this particular committee, which is 
headed by Rep. Overton Brooks (D.-La.). His two-hour 
stint in the witness chair was marred by political bickering, 
most of it instigated by Republicans who were determined 
to hang the name of Stuart Symington around Lanphier’s 
neck. There was a time in his career when the witness 
worked in the Pentagon for Mr. Symington. The latter, at 
this writing, is reputed to be on the prowl for the Demo- 
cratic presidential nomination. Mr. Lanphier says he ad- 
mires Mr. Symington but insists that his present crusade is 
his own and is aimed only at lessening the peril to the 
nation. 

The charge that Mr. Lanphier is a tool of the Symington 
camp was put most bluntly by Rep. James G. Fulton (R.- 
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Pa.), who accused the witness of loyalty to the Democratic 
senator and, of all people, Harry S. Truman. In his eager- 
ness to discredit Mr. Lanphier on still another front Mr. 
Fulton tackled his arithmetic with all the fervor and intelli- 
gence of William Jennings Bryan trying to prove that man 
is not a mammal. The witness said there are fewer than 
100 bases on which we keep our retaliatory nuclear striking 
power. He added, taking his figures from Gen. Thomas S. 
Power, SAC Commander, that the Russians could destroy 
this power with about 300 ballistic missiles. Moments later 
Mr. Fulton produced a speech in which President Eisen- 
hower spoke of 250 military bases controlled by the Western 
powers. Ah-ha, said Mr. Fulton with index finger out- 
stretched, you have come before us ill-informed and you 
are wrong by 150 bases. The witness appeared to despair. 
He did not bother to explain that almost none of the 250 ~ 
bases mentioned by the President, outside of the 100 tar- © 
gets harboring retaliatory power, are any more important 
than the garrison on Governor’s Island in an all-out nuélear ~ 
war. Mr. Fulton does not choose to know that ninetyper- ~ 
cent of the free world’s deterrent is in SAC. The congress- ~ 
man’s harangue was ignored in the news reports, which is a | 
loss mainly to the voters of Pennsylvania’s Twenty-seventh ~ 
District, who ought to know about these things. 

It never has been made clear why it was the Brooks 
Committee, a pathetically poor platform, that took the first — 
opportunity to put Mr. Lanphier on the stand. He resigned © 
his post at Convair to avoid embarrassing his employer. — 
He was bound to embarrass the company because he was ” 
setting out to fight the Administration’s defense program, 
which he considers a peril to the nation and the free world. 
The Brooks Committee is supposed to be concerned with 
seience and astronautics, a field in which Mr. Lanphier is 
interested and well informed. But the source of his ire is 
the defense posture, the neglect of the force in being. 

In sharp contrast to the Brooks Committee hearings are 
those of the Senate Subcommittee on National Policy 
Machinery, headed by Henry M. Jackson (D.-Wash.). The 
chairman has defined his purpose as the determination of 
“how well our federal government is now organized to dis- 
charge its heaviest single responsibility—devising and car- 
rying out an over-all national security program which is 
bold enough, wise enough, and soon enough to assure the 
survival of our country.” 

Early witnesses before the Jackson Committee were Re- 
publicans whose credibility, earnestness, and qualifications 
should not be questioned. One was Robert Lovett, a former 
Secretary of Defense, who did not criticize the President 
by name but listed a number of failings in executive leader- 
ship. He found, in fact, that there are so many people in- 
volved in the making of decisions that they “blanket the 
whole Executive Branch with an embalmed atmosphere.” 
In the Pentagon itself, Mr. Lovett finds too much politics. 
He also laments the lack of national goals for which the 
military professionals can do their planning, the committees 

(Continued on page 45) 
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GENERAL PRECISION...A STAR IN YOUR PLANS 








TRACK THIS HIGH-ENERGY 
SOURCE OF PRECISION 
ELECTRONIC STRENGTH 
FOR YOUR SYSTEM 
DEVELOPMENT NEEDS 


The symbol...GP. The name...General Precision, Inc.'The meaning...oppor- 
tunities for high-energy aid to the fulfillment of your system development 
plans. Facilities, personnel, capabilities, menagement...the’stresigiti of four 
companies with high reputations in their respective fields. GPL: KEARFOTT: 
LIBRASCOPE: LINK: Air traffic control system, communications, navigation 
systems, components, inertial guidance, test equipment, digital and analog com- 
puting systems, controls, instruments, flight training devices and simulators, 
ground support systems, doppler systems and servomechanisms. Keep GP in 
your view for technical and corporate planning. Write for facilities and capabil- 
ities brochure. GENERAL PRECISION, 

ING., 92 Gold Street, New York 38, N.Y. 

Affiliates, licensees in Canada, France, 


Italy, Japan, U. K. and West Germany. 


GENERAL PRECISION, INC. 














From Heyden Newport 


PACE SETTER FOR MACH 3 LUBRICATION 


Heyden Newport’s Pentalube 
TP-653-B synthetic oil is setting 
the standards in high tempera- 
ture jet engine lubrication. Test 
data on Pentalube TP-653-B have 
been selected as a prototype 
source for the new USAF high 
temperature jet engine lubricant 
specification. 


i 
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Exceptional lubricity, stability 
and cleanliness have been demon- 
strated by Pentalube TP-653-B in 
tests carried out by both military 
and civilian organizations engaged 
in the development of Mach 3 
turbojet engines. Substantial quan- 
tities are being supplied for pro- 
grams now underway at various 


engine and component development 
centers. 

For the lubricant with an oper- 
ating range from —65°F to 425°F 
consider Pentalube TP-653-B first. 
Additional information may be ob- 
tained by writing on your letterhead 
directly to Heyden Newport Chem- 
ical Corporation, 342 Madison 
Avenue, New York 17, New York. 


HEYDEN HEYDEN NEWPORT CHEMICAL CORPORATION 
342 Madison Avenue, New York 17, New York 


NEWPORT 
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AIRPOWER IN THE NEWS 


' upon committees, the loss of executive authority, and the 
' wandering of personnel into areas in which they are not 
- competent. 
_ Thomas J. Watson, Jr., another Republican and president 
_ of International Business Machines Corp., also disputed the 
concept that we are not in a race with the Russians and 
declared,“We have got to throw our economy into full scale 
- competition” even if it means “a departure from our present 
way of life.” He said higher taxes may be one of the first 
things we must accept. Throwing the challenge directly at 
Mr. Eisenhower and the Bureau of the Budget, Mr. Watson 
| added: “I do not agree with people who suggest that we 
' must not push our economy to any point necessary to win 
in competing with the Soviet because we might lose what 
has made our country great. If we do not impose the strains 
necessary to win, it is obvious that at best we will live in a 
' Soviet-dominated world, and at worst in a Soviet province.” 
And: “I would rather have greater control by our govern- 
ment under our present system than to discover one day 
that business as usual had not been sufficient to win the 
battle.” 
Another witness was Robert C. Sprague, a Republican, 
chairman of the Federal Reserve Bank of Boston. This man, 
not running for President or seeking to promote any can- 
didate, said we face a clear threat to our survival and have 
not awakened to the fact. He said we have the resources 
to do what is necessary. He said that key officials frequently 
do not have all the facts or have the wrong facts. He also 
| said that Congress should do more to stiffen the American 
_ backbone. 

On the Jackson Committee these men are heard and 
taken seriously. They are not challenged on their facts, for 
their political leanings, or for their audacity to criticize the 
White House. They are not accused of ignorance. No mem- 
ber of the Jackson Committee waved his finger and intro- 
duced irrelevancies into the record. The hearings are held 
with dignity in an absence of bickering. 

It still is too early to say what may result from these 
studies, those that are competent and those that are less so, 
but certainly the issues are being made more clear. Before 
Congress leaves for the coming conventions it may sense 
public support for some improvement in the situation. 
A nation that can afford Smell-o-Vision and AromaRama 
and $750,000,000 a year for private swimming pools can 
ay for its security. Dr. James P. Baxter, III, president of 
Williams College—yes, he’s a Republican—told the Jackson 
Committee he knows he has suggested spending a lot more 
money. He also hates inflation. But, he added, “I am willing 
to pay more taxes if it is necessary to do the things we need 
to do, and I believe that our entire people would feel the 
same way if they realized all that is at stake.” 


Leadership for Space 


An excellent and germane illustration of what some of 
the critics are talking about was placed before the Brooks 
Committee by William M. Holaday, Chairman of the 
Civilian-Military Liaison Committee that is supposed to 
function as part of the national space effort. Mr. Holaday, 
who left no trail of glory behind in the Pentagon after his 
stint there as missile czar, complained on the stand that his 
committee lacks authority and has nothing to do. He said 
he is discouraged. Asked what he and his committee had 
done to assist relations between the Army and the National 
Aeronautics and Space Administration, for example, his 
reply was, “nothing.” In fact, he said, he feels he was dis- 
couraged from taking any role in the proposed transfer of 
the Army Ballistic Missile Agency to NASA. “If you don’t 
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want to get anything done,” Mr. Holaday said at one point, 
“appoint a committee.” 

In his formal statement he said his committee has no 
other duty than providing a channel of advice and con- 
sultation between NASA and the Department of Defense. 
He could list only five items on which actions had been 
recommended, then suggested that there are several chan- 
nels available to resolve issues. Further, he said the commit- 
tee is incapable of making firm decisions. Yet, Mr. Holaday 
reported, the committee does not want to be abolished, as 
proposed by the President. 

This appearance may be duplicated a few times.in the 
weeks to come as the study of our space effort continues. 
There are almost as many points of view as there are people 
invited to give them. At this writing there are indications 
the House committee is preparing to give deep soundings 
to the proposal of Dr. William H. Pickering that there 
should be a reorganization along the lines established by 
the Atomic Energy Commission. This would put a military 
application division in NASA and curb the Defense De- 
partment’s direct participation. Management experts have 
been called to testify, including some from AEC itself. There 
also are some from industry, including Hilliard W. Paige of 
General Electric, who has endorsed a combination of the 
programs under military control. 

The Administration seems to have a fair solution in mind 
for Mr. Holaday’s problem, which is to abolish his job and 
his committee. At the same time it cannot be expected -to 
support the Pickering proposal for the good reason that the 
parallel between atomic energy and space technology is 
pretty weak. One recent witness, however, did point to a 
place where improvement is needed. He was Dr. George 
R. Arthur, president of the American Astronautical Society. 
Said he: “Any of the several plans for achieving spaceflight 
and advancing space technology can be realized provided 
we have strong leadership at the top.” 


How to Stay in the Middle 


The basic controversy was between the National Council 
of Churches of Christ in the USA and a smaller group of 
religious fundamentalists who find the Council’s approach 
an anathema. USAF had a fundamentalist on its manual- 
writing staff at Lackland AFB and his material was not 
properly reviewed before it got into the hands of Reservists, 
including some who are not fundamentalists. Until the boss 
and Chief of Staff, Gen. Thomas D. White, got on the 
stand at a congressional inquiry it appeared that USAF 
never would escape the morass. The general told the com- 
mittee his organization had goofed and steps are being 
taken to make sure it can’t happen again. In the meantime, 
a British publication reports, the order of the day is: “If 
you can write, don’t.” 

The offending statement, to the Council, was one that 
said the Communists have been successful in their efforts 
to infiltrate the clergy. When the manual was withdrawn 
the action aroused the ire of the House Committee on Un- 
American Activities, which believes the statement is correct. 

In his appearance before the House subcommittee of 
the Committee on Armed Services, USAF Secretary Dud- 
ley Sharp said that in withdrawing the manual no attempt 
was made to pass on the truth or falsity of statements in 
it. He added that it remains a duty of the Air Force to 
warn its men against “the fact that our churches are a 
target for Communist attempts at infiltration.” 

So far, there has been no missionary zeal exercised 
against this thesis. Probably it is safe to say the funda- 

(Continued on page 47) 
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What happens on the pads at Cape Canaveral is 
subject to the continuous close scrutiny of experts 
thanks to Kollmorgen bunkerscopes. During launch- 
ing operations and static tests the trained observer 
sees exact detail in his choice of two magnifica- 
tions and in true color, with complete safety even 
in cases of power failure. 

Bunkerscopes by Kollmorgen require virtually 
no maintenance and are built to withstand blast 
forces such as may be expected around missile 
launching sites. They are easy to operate, even by 
untrained personnel, and can quickly be adapted 
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Cape Canaveral count-downs 
get Kollmorgen close-ups 


to photography and television. use, 

These instruments are typical of Kollmorgen 
experience with remote viewing and inspection 
equipment, wall periscopes, underwater periscopes, 
micro-photo periscopes, continuous strip fuel-in- 
spection cameras and other optical systems em- 
ploying mechanical and electronic skills. In this 
field Kollmorgen is foremost, having served both 
industry and defense for nearly half a century. 

If you are interested we would like to send 
you our new illustrated ‘facilities brochure. Just 
write us a note on your company letterhead. 


o> BMOLLMORGEN 


O- optical corporation 
NORTHAMPTON, MASSACHUSETTS 


NUCLEAR REMOTE VIEWING EQUIPMENT @ SUBMARINE 
PERISCOPES @ OPTICS @ BORESCOPES @ MOTION 
PICTURE AND TELEVISION LENSES @ PRECISION OPTICAL 
INSPECTION AND ALIGNMENT DEVICES @ ELECTRONIC 
CONTROLS AND COMPONENTS @ NAVIGATIONAL AIDS 


» 


WESTERN TECHNICAL REPRESENTATIVES — 
COSTELLO & COMPANY, LOS ANGELES, CALIFORNIA. 
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mentalists believe the Reds are suc- 
cessful in their effort and the Council 
thinks they have failed. It is not the 
Air Force’s place to agree, or disagree, 
with either of them. There are other 
areas where Soviet penetration has 
been notably successful and if you 
look up toward heaven you can see 
one of them. The Air Force has a mis- 
sion up there and it must be pursued 
in the interests of preserving our free- 
doms, including freedom of religion. 


The Airlift Crisis 


By April 15 Chairman L. Mendel 
Rivers, (D.-S.C.), of the National 
Military Airlift Subcommittee of the 
House Armed Services Committee, 
hopes to have both Army and Air 
Force critiques of Puerto Pines/Big 
Slam on his desk. The exercise is a 
joint endeavor involving the Military 
Air Transport Service and the Conti- 
nental Army Command. In it, more 
than 200 transport aircraft have moved 
about 20,000 soldiers and nearly 12,- 
000 tons of cargo. The test is for 
MATS—can it accelerate to emergency 
operations and keep it up for two 
weeks? Mr. Rivers, who started a com- 
prehensive study of our airlift capa- 
bility only a couple of weeks before 
the demonstration, will use the results 
to help form some new conclusions for 
consideration by Congress. 

Preliminary to Big Slam, which was 
visited by members of the committee, 
the military services and MATS were 
given an opportunity to tell the Rivers 
group what they think about the ade- 
quacy of our airlift. It is inadequate 
in quantity and quality. Witnesses for 
the Air Force made it clear that civil 
airlines are not a complete answer to 
the military requirement. 

Over on the Senate side, A. S. Mike 
Monroney, (D.-Okla.), has said he 
will support legislation calling for 
modernization of MATS to the tune 
of $100 million instead of the $50 
million being sought for fiscal year 
1961. There is some suspicion that this 
surge of generosity results, in one de- 
gree or another, from the Senator’s 
disappointment with the airlines. We 
have had some discussion of a pro- 
posal that Uncle Sam guarantee loans 
to permit the carriers to buy more 
efficient cargo equipment. To the 
amazement of those solons who have 
lent a sympathetic ear when MATS 
was under attack as an anti-American 
monstrosity, the guaranteed loan pro- 
gram did not receive rousing support 
from the carriers. After all, a business 
that can justify an investment can 
taise money. Guaranteed loans, some- 
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A MAN’S LIFE WAS AT STAKE. THEY SENT THE CESSNA 


“SISSTON AT 
_ MT. WHITNEY” 


Into Edwards Air Force Base, Calif., came the call for help. A man, thrown from his 
horse, lay with multiple injuries on a heavily pined slope near Mt. Whitney. Issue: 
Could a helicopter get him out safely? It would have to be small enough to descend amid 
the towering pines—yet large enough to carry the man comfortably. It had to be stable 
and high-powered, its work to be at a challenging 8,500 feet. The requirements were an 
exacting challenge. They sent the supercharged Cessna. Mission successfully completed. 


Military 
Division, 
Wichita, 
Kansas 









how, seem most attractive until they 
raise the possibility of increasing com- 
petition, possibly at the expense of 
penalizing an existing structure. 

In its presentation to the Rivers 
committee, MATS argued strongly for 
use of more airlift and said it is selling 
this mode of transport to the Defense 
Department. Not, it was made clear, 
in order to move more by military 
aircraft, but to increase the use of 
civilian carriers. As the total require- 
ment goes up, it was pointed out, civil 
air augmentation will increase. 

This case, combined with what the 
committee learns from the results of 


Big Slam, now may result in construc- 
tive action. The need for new aircraft 
is critical. As in the past, USAF must 
lead the way.—END 








Plan now to attend 
AFA’s 1960 CONVENTION 
and 
AEROSPACE PANORAMA 
San Francisco e September 21-25 
(See page 174 for details) 
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Business end of the Titan—by Avco—The nose cone for the Air Force’s Titan—designed to 


withstand the scorching heat and incredible shock of atmospheric re-entry—is a product of Avco 
research. Now, with the successful flight of this ICBM, the Air Force has assigned two new and 
important projects to Avco: an advanced design nose cone for the Titan and the nose cone for the 


third generation of intercontinental missiles—the mighty, solid-fueled Minuteman. 


Aveo 


AVCO CORPORATION, 750 THIRD AVENUE, NEW YORK 17, N.Y. 
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— is never time or space enough for everything. One of the pleasures of publishing is the 
continual effort to disprove that truism. In this special issue of AIR FORCE Magazine and SPACE 
DIGEsT, we have attempted to put between covers a compendium of useful information on the 
world of missilry and astronautics. You will find comprehensive listings of all military missiles, a 
list of US space projects, a missile and space glossary, material on the how’s of rocketry, and 
vital statistics of the cosmos. In addition, we have included the thoughts of important men who 
bear the responsibility of building American missile and spacepower, plus our own views of the 
IY, implications of the new age. We hope you will find this issue a useful reference—THE EDITORS 
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THE MILITARY MISSION 


JOHN F. LOOSBROCK 
Editor, Air Force Magazine and Space Digest 


HEN we began Space DIGEST in 
W November 1958, we chose the editorial 

path of what Associate Editor Bill 
_ Leavitt termed “space realism.” 

We believe that our peaceful pursuit of tomor- 
row’s goals in space is best ensured by living 
safely through today on earth. We also believe 
that the Lord, in His wisdom, knew that man 
would not have to be born with wings if he 
wanted to fly through the air nor with a self- 
contained earth environment if he wished to 
venture farther. So He did man a much greater 
favor. He gave man reason—an intellectual key 
with which to unlock the secrets of the universe. 
And He gave man a will—the freedom of choice 
with which to stimulate the brain to do man’s 
bidding. 

Using these tools man has flown through the 
air, to every cranny of the globe. And man has 
sent his instruments into space, to be followed 
ultimatély and inevitably by man himself. But 
at the same time man’s free will has led his brain 
into paths of mischief, of theft and murder, of 
war and pillage. He has created instruments of 
destruction which can, in the twinkling of a 
historical eye, erase the accomplishments of hun- 
dreds of centuries. This is the paradox of good 
and of evil, of peace and of war, as impossible 
to separate one from another as to part man’s 
will from his intellect. 

Surely, against the backdrop of history, it is 
no longer possible to argue logically that there 
is little need for this nation to exploit the military 
potential of space and to exploit it with urgency, 
diligence, and imagination. If we do so, and 
thereby gain an honorable and lasting peace, the 
road will automatically be open to peaceful 
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exploitation. If we do not, someone else inevitably 
will, and we will find ourselves in a world shaped 
by those bold enough to become our masters. 

This is not an attempt to degrade the scientific 
achievements of United States satellites. They 
have been manifold. But it is specious reasoning 
to pretend that we can profitably separate “peace- 
ful” space from “military” space. Like the earth 
upon which we walk, the sea over which we sail, 
and the atmosphere through which we fly, space 
holds great advantages for both military and 
civilian use, and it is dangerous and misleading 
to try to split the two. 

Our first national duty is to preserve a free 
world, from which spacecraft of the future may 
take off with serenity and to which they can return 
with confidence. This is the only possible way 
to ensure the achievement of our national goal 
of utilizing space for peaceful purposes. The horse 
must be put before the cart. 

How, then, do we use space for national sur- 
vival and eventually for controlled peace in a 
better, richer world? 

One of the best ways is to increase our 
knowledge of the enemy’s actions through recon- 
naissance, surveillance, and improved communi- 
cations. But before blindly leaping into space to 
meet these requirements, the military planner 
must take a cold look at the advantages and 
disadvantages. He doesn’t go into space “because 
it’s there,” as a mountain climber does, but rather 
because it allows him to do things there that he 
cannot better do anywhere alse. Space is an 
extremely hostile environment. It is difficult and 
expensive to operate within. One must have a 
real need to go there before it is worth the effort. 

On the other hand, space*as an operational 
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medium offers several real, measurable military 
advantages: 

It offers greater altitude and longer line of sight. 

Once you are in it, or your devices are in it, 
the effort required to stay there is quite small. 
You get a free ride, so to speak, once in orbit. 

Space offers the opportunity to pass over enemy 
territory without violating national sovereignty or 
committing a hostile act. 

By seizing upon these advantages this country 
can immeasurably better its deterrent position by 
reducing the vulnerability of the retaliatory force 
—both manned aircraft and missiles. With an 
acknowledged missile gap approaching, we need 
earlier warning against surprise missile attack. 
Another fifteen minutes—the time it takes to 
drink a hot cup of coffee—would make all the 
difference in the world. 

With thirty minutes’ warning— instead of fifteen 
—SAC’s manned bombers would be off and 
winging for Russia before the missiles came 
crashing in upon them; our liquid-fueled ICBMs 
plus the IRBMs in Western Europe would be 
topped off and ready to go; NATO’s tactical air 
forces would be airborne, ready to supplement 
SAC on close-in targets; our national decision- 
making machinery would gain precious time to 
assess the situation; and those civilians fortunate 
enough to possess a fallout shelter could take 
cover. We would achieve an immeasurably stronger 
military posture. 

We have the technical capability to do this. 
No breakthroughs are needed, beyond the mental 
breakthrough required to pursue military space 
programs with the kind of intensity, funding, and 
priorities accorded the intercontinental ballistic 
missile program over the past few years. 

The military space system closest to attainment 
is Midas (Missile Defense Alarm System). 
Midas, a product of collaboration between the 
Air Force’s Ballistic Missile Division and Lock- 
heed, is a satellite bearing infrared, heat-seeking 
sensors which will locate and track ballistic missile 
firings anywhere in the world. 

Even the brief, five-minute “glimpse” afforded 
by the powered portion of ballistic missile flight 
will allow computers on the ground to compute 
the trajectories. 

Beyond Midas is Samos, a photo-reconnais- 
sance satellite, also a Lockheed product. It will 
furnish visual evidence that may indicate an attack 
is imminent. It is designed to provide strategic 
warning of an impending attack, rather than 
tactical warning that an attack has been launched. 

To be ready in time to be of value, Midas and 
Samos demand support, both in terms of under- 
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standing of their underlying concept and in pro- 
viding funds, facilities, and people. Neither is 
an isolated, one-shot satellite, but a complete 
system, involving several satellites in orbit simul- 
taneously and, equally important, supporting 
electronic data-processing and communications 
systems on the ground. These include long lead- 
time items that must be developed and produced 
under the concept of concurrency. 

Neither Midas nor Samos is the end of the line 
in its field. Each has great growth potential— 
Midas in the form of more definite warning and 
pin-pointing of targets through improved infrared 
techniques; Samos in the shape of better picture 
resolution, wider fields of coverage, improved pic- 
ture processing—all designed to get more and 
better. information into the commander’s hands 
more quickly. 

Beyond early warning and reconnaissance—the 
immediate needs—lie communications satellites to 
better utilize the information derived, satellites 
to garner weather information (both meteorolog- 
ical weather and the so-called “electronic” weather 
which affects electromagnetic communications sys- 
tems), and satellites to aid in navigation and 
aerospace traffic control. 

As the size requirements for military satellites 
increase there will be a need for bigger boosters, 
and for new concepts in booster design—some- 
thing that is cheap, easy to build, recoverable for 
other shots. And when satellites get beyond a 
certain weight—some say 5,000 pounds, others 
10,000—it will be possible to replace some of 
the electronic equipment with the human hand, 
eye, and mind—to change course, perform in-flight 
maintenance, to provide the commander on the 
ground with human judgment as well as raw 
information. Satellites could be kept operating 
longer, space-borne electronic equipment could 
be less complicated, photos could be developed 
and interpreted on the spot. 

This is the military mission in space, these 
and other systems yet unforeseen. 

Their achievements will make it possible for 
the free world to keep the peace on earth. Arma- . 
ment control and reduction will begin to make 
sense. Improved communications and travel will 
further shrink the globe. International funding 
could provide enough money for peaceful, “far- 
out” space exploration and exploitation on a scale 
large enough to be rewarding. Inevitably and 
inexorably benefits of a peaceful nature will flow 
across an earth protected from destruction.—END 
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Fundamental Air Force policy: Weapon 


systems for use anywhere in aerospace must 


contribute to the security of the country. ... 


An American military space capability 


can ensure the freedom of space vital to 


civil exploration. 


Research and Development Today 


For Military Space Systems ‘Tomorrow 


LT. GEN. ROSCOE C. WILSON, USAF 


Deputy Chief of Staff, Development 


OR THE first time in history, man is 
ame beginning to put space to his uses. He 
k is on the threshold of a new frontier of 
incomprehensible vastness—a frontier 
offering him at once a promise and a threat. 

USAF has long had an active interest in this 
frontier. For example, we began research on. a 
long-range ballistic missile as early as 1946. The 
Air Force has always sought to exploit the classic 
military advantages of greater speed, altitude, and 
range. The “ever higher, faster, and farther” prin- 
ciples cause us to look on space as the -natural 
extension of our operating area. This is particu- 
larly true since there is no fixed point at which 
the atmosphere ends and space begins. To desig- 
nate the dimension extending outward indefinitely 
from the earth’s surface, we were forced to coin 
a word. We chose the word “aerospace,” not as 
a public-relations device but as a practical term 
embracing the entire operating area. 

USAF does not wish to exploit space simply 
because it is there. We regard space as a location 
which has important uses for the nation’s security. 
Under national policy the purely scientific ex- 
ploration of this location is not an Air Force 
mission. Exploration is a task assigned to the 
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National Aeronautics and Space Administration. 

Space is sometimes visualized as a function or 
a military program. Neither is correct. While we 
view space as a location which lends itself to 
certain military tasks, we do not consider space 
as the exclusive province of the Air Force. Both 
the Army and Navy have functions which may 
need to be carried out in space. The Navy’s Tran- 
sit navigation satellite and the Army’s Courier 
communications satellite are examples. The Air 
Force assists the other services in such projects 
since we are charged by the Secretary of Defense 
with providing and launching the boosters for all 
military space systems. 

The Air Force does not compartmentalize its 
activities into space and nonspace functions be- 
cause we are concerned with the whole realm of 
aerospace. However, we do give special attention 
to systems using space. Within the Air Staff, the 
office of my Assistant for Advanced Technology 
acts as a focal point for space matters, including 
liaison with NASA. Other elements of DCS/De- 
velopment are also involved: The Directorate of 
Research and Development monitors research re- 
lating to space; the Directorate of Development 
Planning includes space matters in its long-range 
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plans. While the DCS/Development as a whole 
assists the Chief of Staff in policy and direction 
relating to space, we are not the sole interested 
agency; virtually all the normal Air Staff functions 
apply to space systems. The corporate judgment 
of the Air Force is also brought to bear on these 
matters, through such bodies as the Weapons 
Board and the Ballistic Missile Committee. The 
latter is composed of senior Air Staff officers 
and the Office of the Air Force Secretary. 

Air Force policy concerning space has come 
into sharper focus as the result of research study 
and experience thus far in this field. It is funda- 
mental policy that USAF weapon systems for use 
anywhere in aerospace must contribute to the 
security of the United States. Beyond that, the 
major criterion for the choice of a particular 
system is its relative effectiveness as compared 
with other means of meeting a requirement. This 
criterion applies to all systems, without regard to 
where in aerospace the system would operate. 
In applying this criterion to space, we consider 
that a space system is relatively more effective if 
(1) it offers the only means of doing the job; or 
(2) it is the best way to do the job and is not 
excessively expensive (for example, very early 
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warning of hostile ICBM launchings); or (3) it 
offers a more economical way of doing a job (as 
may well be true of a communications satellite 
system ). 

The initial space systems being proposed by 
the Air Force illustrate the application of these 
policies. Midas and Samos are informational sys- 
tems—designed to provide information vital to 
our security in the missile age. Midas, the Missile 
Defense Alarm System, uses satellites whose infra- 
red sensors detect a ballistic missile as it rises 
through the atmosphere. This system offers the 
earliest effective means of warning of actual ene- 
my launchings. Samos is a reconnaissance satel- 
lite system. Constantly orbiting, it could provide 
detailed pictures of the surface anywhere on the 
earth. Such a system would do much to correct 
the imbalance in military information available 
to this country as compared to the Soviet Union. 
Samos would make a major contribution to our 
national security. 

Both Midas and Samos are passive systems— 
they present no offensive threat. Like a burglar 
alarm, they threaten only would-be transgressors. 

Our research and development program relat- 
ing to space is being actively pursued on a num- 
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ber of other fronts. One of the key efforts is for 
a manned capability in space—for we are con- 
vinced that man’s intelligence and judgment will 
be as vital for certain missions in space as these 
qualities are for many missions in the atmosphere. 
The X-15 research airplane is a step in the di- 
rection of manned spaceflight. Dyna-Soar, also 
a research project, will bring us closer. Designed 
as a rocket-boosted manned vehicle it would “fly” 
above the atmosphere at near-orbital speed, then 
reenter and land aerodynamically at a place of 
the pilot’s choosing. The application of this de- 
velopment toward a maneuverable, orbital space 
vehicle is obvious. What military usefulness would 
a manned maneuverable vehicle—some follow-on 
to Dyna-Soar—have in space? There are a num- 
ber of possible uses. For example, it might be 
used to send a man to repair and maintain opera- 
tional satellites in orbit. If our security so re- 
quired, it might be able to serve as a patrol or 
inspection vehicle or even perform other military 
operations in space. 

One of our important, although perhaps less 
dramatic, efforts related to space is in applied 
research. We are trying to develop better tech- 
niques to apply to future weapon systems. A 
typical effort in applied research is to develop 
reliable electrical power generation with minimum 
weight. To do so, we are working on conversion 
of solar energy mechanically, chemical conversion 
(a sort of continuous battery), and direct con- 
version of heat from solar or nuclear sources. 
We have already achieved some significant de- 
velopments in nuclear power sources. 

Propulsion is the latchkey that opens the door 


to space—and we give it research emphasis ac-_ 
cordingly. Unfortunately, our engineering knowl- — 


edge at present will not tell us precisely how to 
scale up a missile engine to increase its thrust. 
Thus, we must, to some extent, “cut and try” 
with each propulsion project. In chemical pro- 
pellants, we now are operating well below their 
theoretical limits of impulse. The result is that 
only a small percentage of a rocket’s gross weight 
is payload—and costs per pound of payload are 
high. At present, each pound in orbit costs at least 
$1,000. To solve such problems, propulsion re- 
search is going forward on improved liquid and 
solid fuels, nuclear rockets, ion rockets, and 
magnetohydrodynamic devices. There is every 
reason to believe we will get startling increases 
in thrust in the years ahead—undoubtedly within 
this decade. Increased impulse will not only per- 
mit much larger payloads but reduce costs per 
pound as well. But, of course, we must earn 
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these advantages through effective research and 
development. 

We are seeking eventually to reduce payload- 
in-orbit costs to perhaps a tenth of their current 
levels. One possible means is by use of recover- 
able boosters. Today we are losing a very expen- 
sive booster whenever we launch an object into 
space. The situation is rather like building a jet 
airliner for a one-way trip and throwing it away 
when we get there. We are studying at least two 
ways of recovering boosters. Parachutes in the 
main stage are a possibility; another is use of an 
advanced aircraft of the B-70 class as the first 
stage. In any case, some form of recoverable 
booster undoubtedly will become a part of our 
future inventory. 

It is apparent that boosters larger than ICBMs 
will be required for some future military space 
systems. In this connection, we hope to benefit 
greatly from the technological knowledge that 
NASA obtains in its development of very large 
boosters for the civilian space program. We also 
expect the NASA program to reflect military 
needs when these will not interfere with the 
achievement of their own needs. However, great 
differences exist in required characteristics be- 
tween the civil and military programs. Military 
needs include quick reaction time, mass produci- 
bility, compatibility with weapons and control 
systems, long life, and other characteristics not 
essential to the civil program. These differences 
demand the closest coordination whenever joint 
use of a vehicle is planned. It is my personal 
opinion that even with the closest kind of coordi- 
nation the exigencies of the military requirements 
may require a booster program designed to meet 
military needs in an economically feasible manner. 

In addition to basic and applied research, and 
development of systems, our research and de- 
velopment program includes much study and 
planning. We must give early consideration to 
aerospace systems which might become the basis 
for our future security. Our study must also take 
account of a potential enemy’s probable future 
capability. In these studies we do not confine our- 
selves to the near-term, but also look some ten 
to twenty years ahead. The Air Force does not 
rely entirely on its own resources for such studies; 
we are assisted by very able scientific and indus- 
trial organizations. 

Perhaps I can give you some idea of possible 
future space systems by mentioning some of our 
study areas. Basically, we recognize that offensive 
and defensive space systems have some unique 
characteristics of great military value: 
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Another Way 

RCA Serves Science 
Through 
Electronics 


Systems Development for Space Technology 


TELEVISION CAMERAS 


Design a miniaturized camera system for taking 
“snapshots” from a satellite. Drastically reduce 
bandwidth to conserve power, yet maintain high 
resolution picture quality. The entire unit must 
operate unattended in a space environment. 

Astro-Electronic Products Division took these demands in 


stride and developed several electronic camera systems sched- 
uled for use in space science experiments. One of them is 
pictured above. 

A special, ruggedized 42-inch Vidicon gives this compact 
camera a TV resolution capability of 500 lines. Because still 
pictures are to be transmitted, video bandwidth is cut to 62.5 


ke by using a very slow (2 sec.) scanning rate. A specially 
designed, ruggedized shutter, designed for minimum of 100,- 
000 operations, immobilizes the image and eliminates smear. 
The camera, less lens, is only 5 inches in length and weighs 
approximately 2 lbs. The transistorized camera electronics, 
including the power converter, is housed in a container meas- 
uring 6 x 6% x 3 inches. 

Such a camera can be used to look at the earth’s cloud cover 
from space, map the moon, study the solar system, or monitor 
the space vehicle itself. 1-inch Vidicon versions of these cam- 
eras are capable of 800 to 1,000 lines resolution. This is typical 
of the way AEP approaches problems, going beyond the bare 
requirements to develop space systems which can adapt to 
meet the needs of tomorrow. 


RADIO CORPORATION OF AMERICA 


Astro-Electronic Products Division 
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AM and FM Command Receivers~Another AEP Capability 


Princeton, N. J. 
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WYMAN-GORDON IS FORGING RE-ENTRY SHIELDS 


e Copper in production 
e Beryllium in limited production 
e Reinforced plastics in development 


WYMAN =- GOR DOn 


FORGING 
ALUMINUM MAGNESIUM STEEL TITANIUM BERYLLIUM MOLYBDENUM COLUMBIUM 
AND OTHER UNCOMMON MATERIALS 
WORCESTER, MASSACHUSETTS 


HARVEY, ILLINOIS GRAFTON, MASSACHUSETTS FRANKLIN PARK, ILLINOIS 
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e@ They would have tremendous speed and un- 
limited range. 

e@ They could give simultaneous coverage of 
large areas of the earth’s surface. 

e@ They could be, remotely based and conse- 
quently less vulnerable. 

e@ They could be capable of very short time- 
to-target—in some cases, possibly five minutes or 
less. 

In considering space systems we must include 
the ICBM, which travels through space. We can 
be sure that there will be important improvements 
in ballistic missiles, improvements which will 
make them more effective weapon systems and 
which will complicate the problem of defense 
against them. I should mention that we have de- 
voted much effort in basic and applied research 
and conceptual study to defense against ballistic 
missiles. We have concluded that a defense is 
practicable. In our view, the defensive action 
should be directed at the boost phase of a missile’s 
flight before measures to frustrate the defense 
could be taken. Such a defense system would have 
to be space-based and its time in development 
would preclude an operational system in the near 
future. Thus our defense for the present must 
rely primarily on the power of our strategic of- 
fensive forces. 

Beyond ICBMs are space-based offensive sys- 
tems which seem likely to be developed in the 
future. We are aware that the USSR is capable 
of developing such systems. It is probable that 
low-orbit systems would. be attained first. Our 
studies of possible low-orbit offensive systems 
include one employing an advanced Dyna-Soar 
type vehicle. 

Other offensive systems based more deeply in 
space are also possible in the years ahead—al- 
though probably coming at a later period of time 
than the low-orbit types. As an example of such 
possible developments, we have studies on sys- 
tems dispersed and hidden in the vast reaches of 
space 100,000 miles or more from the earth. 

Turning to the defensive area again, we realize 
that a need may exist to inspect satellites and 
determine their intentions, and we are studying 
the means of doing so. 

In addition to the studies in offensive and de- 
fensive possibilities in space, we are also study- 
ing those other classical military functions of 
reconnaissance or surveillance and supporting 
services. Being considered in these areas are such 
matters as space logistics and supply, the repair 
and maintenance of orbital-based equipment, and 
the rescue of personnel in space. 
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From the foregoing discussion of possible mili- 
tary space systems, one should not conclude that 
future USAF military developments might make 
man’s new frontier unsafe for peaceful exploita- 
tion. This is far from true. A US military capa- 
bility may well ensure the freedom in space which 
is essential to our civil ventures. The peaceful 
exploration of space presents a bright promise, 
and we are giving the fullest support to the civil 
effort in this direction. As a practical matter, 
military developments have thus far provided the 
essential facilities and boosters for the civil pro- 
gram. There is every probability that future mili- 
tary developments for space will also provide 
techniques beneficial to peaceful, and even com- 
mercial, ventures. 

The explosive growth of technology is the 
dominant factor affecting our security in the space 
age. Whether we wish it or not, we are faced 
with a technological struggle unparalleled in our 
history. The stakes are obvious. 

The struggle, which is long-term in nature, is a 
singularly difficult one because the scope of tech- 
nology has become so broad. The richness of the 
expanding technology offers many avenues for 
exploitation by ourselves or a potential enemy. 
We cannot afford not to investigate the most 
promising techniques. However, the costliness of 
development efforts, and the many prospective 
techniques available force us to discriminate care- 
fully. We must make sound choices and select the 
most significant items for development. 

Keeping pace with the onrush of technology 
is a national challenge of great magnitude. It in- 
volves not only the government and military but 
virtually all our scientific, industrial, and educa- 
tional resources. The Air Force is very conscious 
of this challenge and is striving constantly to 
maintain a dynamic research and development 
program that anticipates our security needs. 
Working together with our scientific and industrial 
partners, we are confident that we can maintain 
the technological capability that will make pos- 
sible our security in the future—END 
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A 1928 West Point graduate, General Wilson won 
his wings in 1929. Associated for many years 
with research and development, during World 
War II he was assigned to the Manhattan Dis- 
trict Project which developed the world’s first 
nuclear capability, also saw overseas duty in the 
Pacific theater. 
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Sometime in the 60’s, America may have a 
manned station in space —and it could look a 
lot like this scale model by Lockheed. 


We have much to learn before it can be built. 
Research is our stairway to space—basic 
research that seeks to discover the new rather 


than develop the known. We cannot predict what 
such research will discover, or when— but we 
delay it or curtail it at our peril. 
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Today, at Lockheed’s Missiles and Space Divi- 
sion, more than 5,000 scientists and engineers 
are engaged in one of U.S. industry’s broadest 
research and development programs. One group 
is conducting private industry’s largest, most 
diversified program of fundamental research in 
space physics. Already they have made massive 
contributions to America’s space technology— 
particularly in the Discoverer, MIDAS, and 
Samos satellite programs of the U.S. Air Force. 
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Testing and training, telescoping time, 
USAF’s missilemen at Vandenberg AFB 
are taming the space-age “beasts” that give 
true meaning to the term “aerospace power” 
—creating capabilities for vital deterrence 
and for the peaceful exploration 


of space... 


S THE first Air Force command to at- 
tain an operational ICBM capability, 
the Ist Missile Division at Vandenberg 
Air Force Base, Calif., has been ac- 
corded keen national interest. Additional atten- 
tion is centered on our responsibility for training 
the crews that will man all of the Strategic Air 
Command’s ICBM sites across the nation and 
for supporting development of polar-orbiting 
satellite systems—Discoverer, Samos, .Midas. 

Vandenberg has become, in fact, the prime 
focal point for transition from the development 
to the operational phases of the ICBM program 
and other important segments of the military 
space program. 

In one sense Vandenberg is operating at the 
peak of a pyramided national effort to launch all 
of our ICBMs and the Thor IRBM from a real- 
istic, operational environment. In another sense, 
we are operating at the base of an inverted pyra- 
mid of SAC’s expanding ICBM capability. 

Measured against a comparable margin of ad- 
vancement in the manned bomber field, the pic- 
ture of Vandenberg shapes up like this: We have 
undertaken crew training exercises, operational 
test exercises, and the attainment of operational 
readiness with the Thor, Atlas, Titan, and Minute- 
man systems on a scale that corresponds roughly 
to the progression from the B-17 through the 
B-52—which took some twenty years. 

Certain conclusions that are now emerging out 
of the total experience gained in our operations 
here will serve to highlight the practical impli- 
cations of the missile era in terms of training 
methods and operating concepts. Because these 
findings will have a direct influence on our careers 
in command, staff, and technical assignments, they 
should, in my view, merit the close and immedi- 
ate attention of everyone who wears a biue suit. 
Even more critical is the continuing effect they 
will have on the direction, pace, and success of 
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our efforts to employ aerospace power as an 
effective military instrument of controlled peace. 

Everything we have accomplished up to this 
point at Vandenberg has confirmed the earlier 
predictions concerning the strategic implications 
of the ballistic missile era. This is not surprising 
when we consider the fact that the actual per- 
formance of Thor and Atlas missiles launched at 
Vandenberg under simulated combat conditions 
has equaled or exceeded original estimates. 

Where the Atlas is concerned, the launches 
here on September 9, 1959 and January 26, 
1960 conclusively demonstrated the fact that 
ICBMs can contribute greatly to our deterrent 
posture. They provide a capability for quick re- 
action against targets at intercontinental range, 
and their relative invulnerability to defensive 
measures will virtually guarantee their ability to 
apply nuclear warheads against aggressor targets 
within less than thirty minutes. 

Launched in retaliation against heavily de- 
fended target systems, ICBMs would open the 
way for the flexible employment of manned 
bombers against targets of uncertain location. 

These conclusions are further reinforced by 
the experience gained at Vandenberg in our com- 
bat training launches of. the Thor intermediate- 
range ballistic missile. Here again were cases in 
which the demonstrated capability of a ballistic 
missile was found to exceed our estimates. 

However, there were some early assumptions 
made in forecasting problems of training and 
supervision that are now being modified by ex- 
perience. 

Among these were predictions expressed in 
some quarters that ballistic missiles would be too 
complex for Air Force technicians to maintain 
and operate. Although we have developed a pro- 
found respect here for the intricacy of ballistic 
missiles, we have not found it necessary to stand 
in awe of them. In fact, the officers and airmen 
who have come into our crew-training program 
with a background in the electronic, mechanical, 
and hydraulic components of aircraft have moved 
quickly and effectively into the missile crew. 

Another preconception that has been disproved 
at Vandenberg was the opposite view that count- 
down procedures would produce boredom and 
lower morale. On that point most of the people 
instructing and training in our programs here 
would welcome the introduction of a small amount 
of routine into their schedules. This has been 
denied them up to now by a continuous process 
of modification and refinement in the equipment 
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they use and the procedures they apply. To meet 
this challenge requires the same high level of 
enthusiasm and job interest as does the task of 
keeping current in manned aircraft operations. 

One of the most important tests facing us in 
the missile program is a new problem in leader- 
ship and supervision. Just as we have developed 
valid yardsticks for evaluation of aircrew per- 
formance, we need now to develop similar stand- 
ards for measuring the competence of our missile 
crew technicians. This would enable us to pre- 
pare fully documented justification for both alert 
pay and spot promotions. 

The crew members who inspect, repair, check 
out, and launch our missiles are far more than 
glorified caretakers for little black boxes. During 
an actual countdown, for example, a missile sys- 
tems analyst technician has to cope with more 
than forty sources of possible malfunction and 
recommend the best trouble-shooting approaee 
from a number of alternate solutions. 

Additionally, a member of a missile launch 
crew or guidance crew must have a high degree 
of competence in both operational and mainte- 
nance fields. When he pushes a button, he must 
understand the function and sequence of opera- 
tions actuated in completing that single step in 
the checkout or countdown operation. 

For this reason, we have eliminated the clear- 
cut division of maintenance and operating skills 
that has always been built into our manned air- 
craft organizations, and have merged these ac- 
tivities into operator-maintenance functions. 

In missile operations, as in manned aircraft 
operations, the man who is trained and dedicated 
in his job is still indispensable. 

We have never bought any part of the claim 
that ‘ballistic missiles are the first in a series of 
fully automated weapon systems that will create 
a dead-end pathway of career progression. To the 
contrary, our association with the Discoverer pro- 
gram and our preparations to support the more 
advanced polar-orbiting Samos and Midas sys- 
tems have provided a clear indication that ballistic 
missiles will play a transitional role in bridging 
the gap between manned aircraft operations and 
manned spacecraft operations. The boosters, 
guidance systems, flight attitude control tech- 
niques, and reentry and recovery methods being 
proved out now will provide the technical means 
and the broad base of technical knowledge essen- 
tial to the introduction of manned space vehicles. 

A brief look at particular aspects of our pro- 
gram will be useful in validating the broader out- 


AIR FORCE / SPACE DIGEST « April 1960 








BE Hh Boh 





teen. Co 








ay, 
F at ” 
MS, 
 .. 
* — — 
a 
* amy ~~ 
® ie 
> % tote | 
*¢ 
i: 
ae 
Wa 
“ts Py ee * 
~ “a *, 
" ‘ & 
¥ ‘ : 
é ; 
°# ¢ 
Py ¥. ? 
+ J # 
4 
L @ 
& 
r 
/ : 
é é, x 
= a bal 
ot f 
fi cg 
ae Fig P 
a ’ ~ 
mh 4] 2} * 
# £ “s 
te # i i 
ef & 








Looking for a subcontractor with real servo. ‘‘savvy"’? 


.-- THEN TAKE A GOOD CLOSE LOOK AT THE SERVO COMPONENTS DISPLAYED HERE 


As a subcontractor, CECO is equipped to handle specifications 
demanding production tolerances to 5 millionths of an inch and 
finishes to .5 RMS. Most of the servomechanism system compo- 
nents shown above were manufactured to just such specifications. 


High-precision square holes? Other unusual 
porting requirements? Assignments like these 
are considered routine in Chandler Evans sub- 
contract operations. 


Among the “tools” of CECO’s servo trade are 
Cavitrons, ultra-sonic cleaning devices and 
temperature-controlled, contamination-free as- 
sembly areas. 


Components, assemblies and complete sub- 
systems can be fabricated with equal facility. 
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For more detailed information on CECO facilities and SYSTEMS 
subcontract capabilities, write Department 20 or call 
W. P. Carpenter, Mgr. Subcontract Sales, ADams 6-0651. CONTROLS 


CHANDLER EVANS CORPORATION ¢ west Hartrorp 1, CONNECTICUT 


W. B. Gurney K. L. Moan 

7046 Hollywood Bivd. 305 Spitzer Bidg, 
Hollywood 28, Calif. Toledo 4, Ohio 
HOllywood 2-1239 CHerry 8-579] 








TAKE A GIANT STEP 


...into your future and seek out the professional opportunities awaiting creative engineers and 
scientists at Martin-Denver ... For here exists the most challenging problems in space and human 
engineering. Join with us and communicate with N. M. Pagan, Director of Technical and Scientific 


Staffing (Dept. HH-6), The Martin Company, P. O° Box4Z9, Denver 1, Colorado, 
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The eight divisions of the Martin Company are Activation, Baltimore, Cocoa, Denver, Nuclear, Orlando, RIAS, and Space Flight. 
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look toward missile operations that I have pre- 
sented. 

Preliminary steps were taken in 1957 to con- 
vert the old Camp Cooke area into the ballistic 
missile complex that was later designated Vanden- 
berg AFB. To meet the early schedules for IRBM 
and ICBM programs in 1958, we had trainees 
reporting for instruction by instructors who were 
still polishing off their own knowledge of missiles 
that were not quite ready for launch complexes. 

The fact that these limited outcroppings of 
concurrency were kept within manageable limits 
at the critical point where crews, missiles, and 
support equipment were coming together for the 
first time proved the merit of the management ap- 
proach pursued from the outset. 

Unlike the neatly packaged plans that bring a 
manned aircraft base into being, our guidelines 
have recognized the uncertainties that are asso- 
ciated—at this stage—with missile operations. 
While some of these uncertainties are tied to the 
scientific and technical side of the effort, most 
of them stem from the requirement for establish- 
ing effective working relationships between 1st 
Missile Division and other agencies. 

As the largest customer of the Pacific Missile 
Range, we are engaged in a continuous process 
of launch scheduling on a low-risk basis which— 
even with elaborate missile flight safety instru- 
mentation—must take into consideration the 
minimum requirements for visual tracking, clear- 
ance of shipping near the impact areas, scheduled 
passenger trains, and unscheduled freight trains. 
Under the provisions of an agreement with the 
US Navy, we are moving toward an arrangement 
under which the missile destruct system will be 
controlled by the Air Force during ballistic mis- 
sile launches, and by the Navy during R&D satel- 
lite launches. As the sponsoring agency for bal- 
listic missile and satellite launches from the 
Vandenberg-PMR complex, the Air Force— 
under the terms of that agreement—has full re- 
sponsibility for flight preparation of missiles, 
satellites, space vehicles, and launching devices; 
and for launching and controlling the flight 
through impact or last stage burnout. 

Development of Vandenberg’s technical facili- 
ties to support these operations is being carried 
out by the Ballistic Missile Division Field Office 
of the Air Research and Development Command 
which completes the designs and supervises the 
Corps of Engineers’ construction work through 
the brick-and-mortar phase of each project. It 
then uses various missile contractors as its agents 
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for the installation and checkout of launch and 
guidance consoles, testing devices, and other 
ground-support equipment before the entire fa- 
cility is turned over for use. 

In addition to these PMR and ARDC con- 
tracts, we work closely with the Air Training 
Command to establish types and levels of requisite 
skills for trainees and to regulate the pipelines of 
trainee input to our program. We are also drawing 
extensively on missile contractors for technical, 
assistance. As in the case of manned aircraft 
operations, this technical support is being sub- 
stantially reduced as our experience grows. 

To make these interservice, intercommand, and 
contractor relationships productive, we have 
entered into a complex series of joint tenancy 
agreements and cross-servicing arrangements that 
present some intricate problems. : 

In moving ahead within the framework of 
these arrangements, we have produced a box score 
of mission accomplishment that includes success- 
ful launches of two Atlases, twelve Thors, and 
ten Discoverers. All of our launches have been 
accomplished without mishap on the pad. 

Additionally, we have trained more than 1,100 
crew members for the Thor squadrons of the 
Royal Air Force and more than 475 Atlas crew 
members for our operational and training com- 
plexes at Vandenberg. We also have now in train- 
ing 160 Atlas crew members who will man the 
564th Strategic Missile Squadron at Francis E. 
Warren AFB, Cheyenne, Wyo. In related courses, 
we have given instruction to technicians in the 
maintenance management field and in the ballistic 
missile familiarization staff officers course. 

In conjuction with both its training and opera- 
tional program, Vandenberg is constantly de- 
veloping methods for measuring missile relia- 
bility, reaction time, and accuracy. We are also 
helping to develop and refine the operational con- 
cepts and procedures that will ensure best results 
from the use of these weapons. By meshing the 
operational testing cycle for ICBMs with its crew- 
training program, Vandenberg is—in effect— 
serving as a ballistic missile operational proving 
ground.—END 


A veteran airman and civil engineering graduate 
of Louisiana Polytechnic Institute, General Wade 
entered the Air Force in 1935. He was Chief of 


Staff, SAC, prior to assuming his present post. 
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It is reasonable to assume that 
the Air Force pilot of the space 
age will carry the big stick of 


deterrence into the arenas of space. ... 


In the Soaring Sixties’ 
Man Is on His Way--Up 


BRIG. GEN. CHARLES H. TERHUNE, JR., USAF 


Vice Commander, Air Force Ballistic Missile Division 


INCE man first appeared on this planet 

S he has capitalized progressively on his 

& God-given advantages — physical dex- 

terity, rational intellect, and the exercise 
of free will—to extend his horizons and broaden 
his capabilities. He has ventured into one frontier 
after another, and has conquered obstacle after 
obstacle. Immensely adaptable, he has used the 
forces of nature to his own benefit. Yet the wider 
his knowledge has become, the greater have been 
the challenges. 

At this point in time, man is confronting his 
greatest challenge—the challenge of the vertical 
frontier. This decade already is being heralded as 
the “soaring sixties.” Man in on his way up. 

In the emphasis that has been placed on tech- 
nology, it is easy to lose sight of a fact that 
should be apparent. It is simply this: Man does 
have a place in space. He has a role to fulfill in 
the distant reaches beyond our atmosphere just 
as surely as he has pioneered in the exploration 
and exploitation of the land, the sea, and the air. 
Our ultimate objective in this sunset side of the 
twentieth century is not man in space, but men 
in space. As Lt. Gen. Bernard Schriever has said: 

“Despite the talk of push-button technology, 
whether in industry or the military, it is the man 
who counts, and not the button. You just can’t 
build creative ability into a machine. You can’t 
design a circuit to take the place of courage. 
Above all, you can’t enclose dedication to free- 
dom in a magic black box.” 
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As long as man and machine have toiled to- 
gether, we have sought continually to get the 
most out of their relationship. In reaching upward, 
in attempting to rise above terrestrial limitations, 
we have pushed the machine virtually to the limit. 
A jet aircraft, for example, will accommodate 
man at altitudes up to 70,000 feet. But beyond 
that the operation of today’s jet engines, as we 
know them, is marginal. 

Yet while progressing from the Jenny to the 
jet, we have also gone from Kitty Hawk to Canav- 
eral. And suddenly we have at our technical 
finger tips new machines—machines which carry 
their own atmosphere with them. Now we look 
once more to man, to train him to fit the capa- 
bilities of these machines. 

We are doing a great deal to bridge the thin 
air between earth and space. It is a tribute to 
man’s resourcefulness that he has learned to 
sample artificially the unknowns of new frontiers, 
without serious risk to his own well-being. Ma- 
chines are expendable. No tears are shed over 
tubes and transistors. 

If, in the past, we had decided to channel our 
resources—without regard for costs—toward the 
development of spacecraft (and by that I mean 
advanced man-carrying vehicles) we could event- 
ually have done aerodynamically what we are 
more rapidly achieving through ballistic missile 
and satellite programs. Our sights are set on our 
goals. If we can attain them by quicker, more 
effective methods, then there is little justification 
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NEWS'/S HAPPENING AT NORTHROP \. 





TARGET MISSILES FOR TRAINING 
DRONES FOR WEAPON SYSTEM EVALUATION 
DRONES FOR AERIAL SURVEILLANCE 


TRAINING FOR AIR DEFENSE- 
THE BEST THING TO FIRE UPON 
IS A RADIOPLANE TARGET 


Radioplane’s business for twenty years has been to know 
military target applications and to produce target aircraft 
that fill specific training requirements. 











S/MPLICITY OF OPERATION AND MAINTENANCE 


Radioplane applies its experience and talent in the target 
aircraft field to simplify design—to avoid complexity 
and to produce targets that are simple to operate and 
maintain in the field. 


FIELD SUPPORT 


Flexibility is the key word in Radioplane’s field support. 
Radioplane provides total flight service including training, 
target operation, maintenance, and repair. 


MINIMUM COST 


To hold production costs to a minimum and still meet a 
broad range of military requirements, Radioplane has 
created an entire family of pilotless aircraft that offer our 
Armed Forces budgetary selectivity—without performance 
penalty. Radioplane combines the latest state of the art 
with balanced design. Radioplane’s “dollar engineering” 
delivers the best targets, the most effective unmanned 
aircraft—at minimum cost. 


£ RADIOPLANE 


A Division of NORTHROP CORPORATION 
Van Nuys, California, and El Paso, Texas 


Radioplane’s RP-76, holder of the world’s altitude record 
for operational target missiles. 
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STEERING 


AiResearch is now in production on 
two greatly simplified hot gas steering 
control systems: a reaction control 
system for outer space flight stabili- 
zation and a hot gas actuator control 
system for terrestrial steering (in the 
atmosphere and under water). 

Both systems eliminate any need for 
pumps, heat exchangers, accumulators 
and other apparatus required in ear- 
lier control systems. And both systems 
utilize hot gas, operating off either the 
main engine or a separate fuel source. 

The gas in the outer space reaction 
control system is fed into a set of noz- 
zles which imparts spin to the missile 
to stabilize its flight through space. 

In the terrestrial hot gas actuator 
control system the gas is fed into an 
on-off controlled linear actuator which 
moves the fins controlling the missile’s 
attitude in the atmosphere or under 
water. This system also utilizes a con- 
cept developed from the AiResearch 
hydraulic “printed circuit.” This 
approach eliminates complicated 
plumbing, thereby decreasing the 
weight and increasing the reliability 
of the system. 


AiResearch is a pioneer, leading developer and manufacturer 
of hot gas systems and other nonpropulsive power systems 
for atmospheric, underwater and outer space missions. 
Your inquiries are invited. 
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AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 
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for following the slower, more traditional patterns. 

Let me illustrate. In the evolution of aircraft 
we have gradually achieved ever greater range, 
continually higher altitudes, increasingly faster 
speeds. We have perfected jet power, and we 
cracked the sound barrier. 

But two major breakthroughs, occurring in re- 
cent years, suggested a reorientation of our efforts. 
We harnessed the power of the atom, and we 
aroused ourselves to the practical advantages of 
rocket engines. And because a potential enemy 
was turning great strides in the direction in which 
these developments pointed, it suddenly became 
not only expedient, but virtually essential, that we 
move in the same direction. As a result we have 
penetrated the gravity barrier. We have proved 
the feasibility of reentry; and we shall soon demon- 
strate that man, too, can pierce the: heat barrier 
and survive. In addition, a fourth obstacle—the 
radiation barrier—is now recognized as a serious 
problem. 

The facilities, weapons, and equipment we 
have put together in our mammoth ballistic mis- 
sile program do indeed provide us with a base 
for space. It is a broad base, serving both as a 
deterrent and as a solid foundation for raising 
us step by step toward our goals in space. Studies 
being conducted now, at the Air Force School of 
Aviation Medicine and at other research centers, 
are aimed toward acclimating man to the peculi- 
arities of space. 

The men now being selected as the Air Force 
test pilots of the future are pioneers just as surely 
as Langley and Lindbergh and Mitchell and Doo- 
little were pioneers in their day. The fact that 
these illustrious names belong to our century 
makes me confident that we shall see—in my 
lifetime—man as firmly established in the medium 
of space as he is now in the medium of air. 

Man tends to be pessimistic regarding things 
he knows little about. When the airplane was new, 
intelligent people conceded it might someday be 
practical for man to fly, but surely not more than 
a few miles and certainly not with any weight 
greater than a thousand pounds. 

In 1943, when the first American jet aircraft 
took wing, few if any realized its true significance. 
That jet brought dramatic changes. New, broader 
characteristics of speed, of altitude, of endurance, 
of pilot techniques—all dictated fresh concepts 
and, consequently, new tactics. These break- 
throughs required exploring, understanding, and 
learning. 

Once accepted, however, jets came quickly into 
their own. Their dynamic impact as a deterrent 
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force and as an offensive instrument emerged out 
of the transitory thinking that marked the con- 
version from hot to cold war. Modifications in 
both technologies and tactics have led to jet 
bombers of intercontinental ranges, and these have 
flowered commercially into airliners of similar 
speeds, ranges, and carrying capacities. 

Still another graphic example was the break- 
through achieved in nuclear energy. The atomic 
bomb was developed during World War II and 
finally employed as a means of resolving decisively * 
the war with Japan. It was used initially in its 
most primitive fashion and peaceful applications 
which control of the atom would yield had not yet 
been given the consideration they were later to 
receive. Throughout history man has suffered from 
a shortage of power, and suddenly he was faced 
with an awe-inspiring source of new power. In a 
short fifteen years the fantastic energy derived 
from the atom has been used to fashion a new 
base for deterrent strength. It has been put to use 
in powerplants and in medicine. It has made pos- 
sible submarines of great endurance. And the ex- 
pansive commercial applications of nuclear energy 
still lie ahead. We never dreamed when we tackled 
the enigma of the atom that one of our problems 
was going to be an excess of power—a problem 
requiring discrimination and subtle employment in 
the exploitation of this new-found source. 

Our thinking at this tender point in the aero- 
space age may be just as naive as these examples. 
Yet here we are, in 1960, with another newly 
developed technology at our command. We have 
built and demonstrated workable ballistic missile 
weapon systems. Even the experts who made up 
the Strategic Missiles Evaluation Committee in 
1954—in their most optimistic moments—be- 
lieved that an operational ICBM could not be 
produced in less than six years. Our Atlas, 
launched by a Strategic Air Command crew just 
five years and two months from the time the ac- 
celerated development effort began, not only ex- 
ceeded this expectation, but it has attained per- 
formance, accuracy, and reliability standards far 
better than originally specified. 

This is an era ripe for progress. It is ready 
now, not by accident but by intent. The lessons 
of the recent past should make it crystal clear 
that unparalleled opportunities are ours for the 
taking. 

Now, why should man go into space . . . and 
how will he benefit himself and his country once 
he is there? 

Man is already taking a big part in the over- 
ture to space. The trip begins at the beginning— 
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on the ground. The boosters, the space vehicles, 
the instruments they carry—all germinate in the 
minds of men. Men of many talents must create, 
develop, build, test, operate, and maintain them. 

Already space has had a tremendous impact 
on long-accepted doctrines of military strategy. 
The potentials of robot military vehicles have 
been illustrated vividly in the Discoverer series, 
and future uses are clearly predictable. Past ac- 
complishments and visible prospects are equally 
stimulating. 

The ballistic missile and strategic space systems 
we are building today are intricate. But this does 
not mean that we are piling complexity upon 
complexity. Rather, in the interests of reliability 
and economy, we are continually seeking simpli- 
fication. Our coming Minuteman ICBM, for in- 
stance, will be much easier—and cheaper—to 
build, maintain, and operate than the liquid-fueled 
Atlas and Titan. 

The remarkable fact emerging from our current 
developments is not the conquest of challenging 
technologies alone. More significant is the fact 
that people accustomed to traditional patterns of 
development have been able to accept and react 
to drastic departures in technologies, methods, 
and procedures. We have been faced with an in- 
tense challenge to our learning processes—the 
necessity to expand hurriedly but productively 
into new sciences and new career fields. 
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Short years ago electronic brains were the ~ 
province of a few. Today the use of giant com- ~ 
puters is becoming common, and people who may ~ 
not necessarily comprehend their complexities are 
proficient in this operation. A pilot not familiar 
with the cockpit of a B-52—or a 707—may be 
dismayed by the array of dials and instruments 
that surrounds him. Yet he soon discovers that 
these devices make his job easier, simpler, and 
safer. 

I cannot imagine the Air Force operating with- 
out planes, or various forms of manned vehicles, 
at any time in the foreseeable future. I believe 
that the Air Force will come to depend upon a 
broad, flexible, well balanced “mix” of aircraft, 
ballistic missiles, satellite systems, and man-carry- 
ing spacecraft. And we should not be so short- 
sighted that we fail to recognize both the vistas 
of opportunity and the extension of responsi- 
bilities which this mix entails. 

We are expanding the regions in which man 
can become militarily and commercially proficient. 
To succeed we must plan for advanced manned 
systems—systems which will enable us to perform 
in space the kinds of missions we have been con- 
ducting at the lower altitudes. This calls for versa- 
tile forces, both aloft and at ground level, which 
are capable of fulfilling a growing variety of ex- 
acting duties. 

Those who think that the aircraft needs de- 
fending have pointed to certain operational re- 
quirements which can now be satisfied only by 
conventional manned vehicles. For example, air- 
craft can be launched when an attack appears 
imminent . . . and recalled if that attack fails to 
materialize. Aircraft, en route, can divert from 
one target to another. They can strike multiple 
targets and perform combined tasks on a single 
sortie. They have the ability to search out, locate, 
and attack targets of uncertain location. And air- 
craft are not expendable on a single mission. 

Yet here is an important fact not generally 
recognized: In looking realistically to the future, 
we are laying technically practical plans to in- 
corporate into the nation’s force structure manned 
or unmanned space systems which can accom- 
plish, or improve on, every one of these capa- 
bilities traditionally related to aircraft. 

Through recoverable boosters and nonexpend- 
able spacecraft, we will be able to inject man— 
safely and economically—into our space pro- 
grams. Man’s dexterity and judgment applied to 
these far-ranging systems will broaden this scope, 
reduce their costs, and enhance their practicality. 
In the true mastery of spaceflight, the personal 
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ACHIEVEMENT IN DEFENSE ELECTRONICS 


WHAT'S BEHIND 
A BMEWS RADAR? 


Years of experience—for as early as 1954, General 
Electric had conceived and developed radar equipment 
capable of detecting ballistic missiles at 1,000 miles. This 
was the forerunner of the AN/FPS-50 surveillance radar 
being provided by General Electric under subcontract to 
RCA for the Air Force Ballistic Missile Early Warning 
System (BMEWS). 


The AN/FPS-50 radar equipment, with a range in 
excess of 2,000 miles, is a singular example of achievement 
in defense electronics. It is another milestone in General 
Electric’s sustained engineering effort to develop and pro- 


duce equipment to meet the unprecedented detection prob- 
lems posed by ICBM’s. 176-01 
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To assure a new order 
of reliability 
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The micro-module is a new dimension in mili- 
tary electronics. It offers answers to the urgent 
and growing need for equipment which is 
smaller, lighter, more reliable and easier to 
maintain. Large scale automatic assembly will 
bring down the high cost of complex, military 
electronic equipment. Looking into the immedi- 
ate future, we see a tactical digital computer 
occupying a space of less than two cubic feet. 
It will be capable of translating range, wind 
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velocity, target position, barometric pressure, 
and other data into information for surface to 
surface missile firings. The soldier-technician 
monitoring the exchange of computer data will 
have modularized communications with the 
other elements of his tactical organization. RCA 
is the leader contractor of this important United 
States Army Signal Corps program and is work- 
ing in close harmony with the electronic com- 
ponents industry. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRONIC PRODUCTS 
CAMDEN, NEW JERSEY 











capabilities of man will replace complex and ex- 
pensive equipment. 

The rational ability which man can bring into 
play will be far better than the most intricate de- 
vices ever conceived. Man is still the best all- 
purpose computer servo-system known. His brain 
is equal to ten billion electron tubes. He is un- 
surpassed in evaluating, reasoning, interpreting, 
and reacting to complex situations. 

Man’s performance in space will complement 
and protect man’s progress on earth. The crews 
of our Strategic Air Command fly long hours over 
great distances in the interests of national security. 
As human boundaries have receded, human re- 
sponsibilities have increased. It is reasonable to 
assume that the Air Force pilot of the space age 
will carry the big stick of deterrence into the 
arenas of space. 

Above the atmosphere, too, man can widen his 
knowledge and extend his abilities in the fields 
of communications, intelligence, navigation, and 
meteorology. He can perform in superior fashion 
the functions of reconnaissance and early warning 
soon to be carried out by our Samos and Midas 
satellite systems. He can raise his scientific and 
engineering capabilities to new heights, maintain- 
ing and utilizing the growing number of artificial 
satellites which will be joining the space-traffic 
pattern. He can look into the universe unkgndered 
by the atmosphere. 

As our ascent in the vertical dimension length- 
ens, characteristics change. But the pilot remains 
the essential link between aspiration and achieve- 
ment, 

Like our current earth satellite programs, any 
manned space system should begin, and end, in 
the lower atmosphere. We have determined that 
the best vehicle to carry man into space will be 
one which he can control and maneuver and land. 
The earliest such craft will undoubtedly be similar 
to the skip-glide kind of vehicle now envisioned 
in the Air Force Dyna-Soar program. 

In the latter years of this century, the people 
who will support these manned spaceflights will 
probably be performing many of the same kinds 
of tasks now being done in support of aircraft 
and satellite systems. 

Near Sunnyvale, Calif., the Air Force Satellite 
Test Center is already in operation. It is the na- 
tion’s first organization set up exclusively to satis- 
fy the launch, tracking, acquisition, and recovery 
requirements of a satellite program. A nerve 
center for an electronic network that extends 
around the world and into space itself, the Center 
is linked to instrumentation squadrons in Hawaii, 
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to tracking stations in California and Alaska, and 
to a launch squadron at Vandenberg AFB. 

Already marked for expansion, this Satellite 
Test Center will take on increasing responsibilities 
in the months ahead. The staffs of NCOs who 
keep electronic fingers on the pulses of these sys- 
tems will grow significantly as the systems increase 
in number and in complexity. 

Similarly, men who service and maintain our 
fighters, bombers, and cargo planes will be 
matched by men technically trained to the de- 
manding job of readying space vehicles for flight 
—work which requires the ultimate in quality and 
attention to detail. Others will be needed for 
ground support, control, and communications. 

Already we can acquire, during a single pass 
of an instrumented satellite, enough scientific and 
performance data to keep processors and evalu- 
ators busy for weeks. More and more, skilled 
computers will be needed to extract vital informa- 
tion from the infinite mysteries of the universe. 

Tracking, control, and communication with 
orbiting vehicles will demand manpower and 
brain power in hitherto unmatched quantities. Dur- 
ing research and development, these are functions 
accomplished primarily by civilian technicians; 
but with operational systems, these jobs will be- 
long to the men . . . and women. . . who wear 
Air Force blue. 

Never let it be said that the flying Air Force 
is a dying Air Force. Nothing could be further 
from the truth. Man will go into space. The work 
which the Air Force does today and in the years 
just ahead will strengthen our national security 
and enhance the progress of our civilization. And 
men will be shaping, building, operating, and 
administering the aerospace force which is emerg- 
ing today as our strong lifeline to peace. 

Man has ranged the length and breadth of the 
land. He has descended to the depths of the sea; 
climbed to the heights of Everest. He has raised 
himself to the limits of the atmosphere. Man has 
been the instigator and the benefactor of every 
breakthrough against technical, social, and geo- 
graphic frontiers. He will not stop short of the 
last great frontier —END 


' ' : 

A career officer with degrees in mechanical and 
aeronautical engineering, General Terhune was one 
of the first officers assigned to the Ballistic Missile 


Division of which he is now Vice Commander. 
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THE ELECTRONIC ENVIRONMENT 


COMMAND 
AND 
CONTROL 


for Missiles and Space 


ITHOUT communications, all I com- 


W mand is my desk.” 
As dramatic as it is succinct, this 


comment by Gen. Thomas S. Power, 
SAC’s Commander in Chief, puts in focus the 
utter helplessness of a commander who cannot 
find out what is going on nor convey his decisions 
to his subordinates. One cannot command without 
control, and one cannot control without instan- 
taneous communications. 

The military definition for command and con- 
trol systems calls them “those major systems, 
usually electronic in character, which are used to 
collect, transmit, process, and display the data 
required for timely decisions needed for modern- 
day control of our weapons and to facilitate high- 
ly complex decisions.” 

What this means is that the Air Force needs 
eyes and ears (radar, infrared sensors, cameras, 
etc.) to seek out and collect information. It needs 
a nervous system to transmit the information’ to 
the brain and to translate the brain’s decision into 
offensive or defensive action of the arms and legs 
(movement and strike action of weapons). This 
big Air Force nervous system is made up of com- 
mand and control systems. 

To cope with the requirement, increased im- 
measurably by the introduction of ocean-span- 
ning ballistic missiles into the force and the 
promise of intricate space systems to come, the 
Air Force is riding the wave of what some call 
“the electronic revolution.” Giant strides are be- 
ing made in data acquisition, transmission, stor- 
age, and retrieval—made possible primarily by 
the development of more sophisticated computers. 
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Computers are commonly, but erroneously, 
called “electronic brains.” They are not quite 
that, yet, although scientists are looking to the 
day when computers will be able to “think” as 
well as store and process data. What they are 
able to do, if given the proper orders through a 
system called “programming,” is to assimilate 
vast amounts of data, sort through them, and 
come up with a display of information,.in some 
cases offering a number of different decision 
choices. But the commander still must command; 
the decision is his, not the computer’s. 

The lack of a clear understanding as to the 
strength and weakness of computers has, in some 
cases, given rise to unrealistic military require- 
ments. Every commander wants all the informa- 
tion he can get that bears on the decision he has 
to make. This in turn can put a burden on com- 
munications and computers that is out of pro- 
portion to the benefit received—if, indeed, pos- 
sible at all. 

Hence, it is mandatory that command and con- 
trol systems meet the standards of technical 
realism—what is really feasible within the state 
of the art, of cost, and, very important, of inte- 
gration—the ability to talk with one another and 
to complement, rather than compete. 

It is in recognition of this fact that the recent 
reorganization of the Air Research and Develop- 
ment Command set up, as one of four major 
divisions, a Command and Control Development 
Division (immediately dubbed C*D’—C square 
D square). To provide logistic support, following 
the precedent established in the ARDC-AMC re- 
lationship in air weapons and ballistic missiles 
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SUPPLY LINE FOR 
THE MISSILE AGE 


Transporting critical supplies and needed personnel to missile bases 

in remote areas is a job for the helicopter. Ideally suited to this mission: 

the Sikorsky S-61 turbocopter. This boat-hulled, omniphibious aircraft 

is a match for any terrain—from dense jungle to arctic ice, from mud to mountain tops. 
With its landing gear down, it alights on ground, snow or ice. Retracting its wheels, 


it lands on any body of water. The large interior cargo space is provided in this configura- 


tion with rear door loading ramp facilities; and, in addition, there is an external cargo 
sling for articles of unlimited size. 

This new S-61 troop and cargo transport is powered by twin gas turbines, delivering 
1,250 shp each. It offers all-weather operation—plus greater range and cruising 

speed than any previous Sikorsky transport copter. Commercial S-61’s are now in 
production for delivery to helicopter airlines in 1961. 


A New World of Mobility by 


IKORSKY AIRCRAFT 


Stratford, Connecticut 
A Division of United Aircraft Corporation 
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TECHNICAL KNOWLEDGE + EXPERIENCED MANAGEMENT + SPECIALIZED CRAFTSMANSHIP = KNOWMANSHIP 





Knowmanship tuned perfectly 





to ground support problems 


As weapons systems become more 
and more complex, it becomes 
more and more important—and 
difficult — to develop effective, 
integrated ground support equip- 
ment. For more than fifteen years, 
Eclipse-Pioneer’s KNOWMANSHIP 
has been responsible for developing 
exactly that caliber of ground 
support covering a wide range of 
applications. 

Witness the Mobile Test Set 
that makes 750 dynamic and static 
tests on the B-58’s flight control 


ECLIPSE-P 


system in 90 minutes. It is a prod- 
uct of KNOWMANSHIP. So is the 
support equipment for the Iner- 
tial Guidance Stable Platform on 
the Army’s Pershing missile. And 
it is KNOWMANSHIP that developed 
Air Data Computer support 















TETERBORO, N. J 
DIVISION of 


equipment that is compatible with 
F-101, F-104, F-105, F-106 and 
B-58 aircraft. 

Nowhere else is specialized 
knowledge, management, and 
craftsmanship more essential to 
project success than in the science 
of developing ground support 
equipment. To fully explore the 
capabilities of KNOWMANSHIP on 
problems you may have in this 
area—or in any of the other areas 
mentioned below—call, wire, or 
write us today. 


69% of E-P’s procurement dollars 
go to small business. 


AUTOMATIC FLIGHT CONTROL @ CENTRAL AIR DATA SYSTEMS @ SPECIALIZED INSTRUMENTATION @ NAVIGATION COMPUTERS AND DIRECTORS 
STABLE PLATFORMS @ INERTIAL GUIDANCE @ RADAR ANTENNA STABILIZATION AND TRACKING SYSTEMS @. GROUND SUPPORT EQUIPMENT 

















development and procurement, Air Materiel Com- 
mand established a logistic opposite number for 
C’D*. This has been named the Electronic Sys- 
tems Center. 

Location for the new headquarters has been 
placed at Laurence G. Hanscom Field, Bedford, 
Mass. The Hanscom area already houses ARDC’s 
Cambridge Research Center, the Lincoln Labora- 
tory of the Massachusetts Institute of Technology, 
and the Air Defense Systems Integration Division 
(ADSID). It also lies in the heart of the mush- 
rooming electronic industry complex of the 
Greater Boston area. The entrance to Hanscom 
is just off Route 128, known as the “electronic 
horseshoe,” which is lined with one new elec- 
tronic installation after another. 

Heading the Command and Control Develop- 
ment Division is Maj. Gen. Kenneth P. Berg- 
quist, who has been Commander of ADSID since 
its inception in July 1958. His Air Materiel 
Command opposite number and Commander, 





Maj. Gen. Clyde H. Mitchell, 
Commander, ESC. 


Electronic Systems Center, is Maj. Gen. Clyde 
Mitchell, formerly Commander, Rome Air Ma- 
teriel Area, Rome, N. Y. 

General Bergquist, forty-seven, a 1935 West 
Point graduate, brings to his new job a wealth 
of operational experience, particularly in air de- 
fense where the need for an integrated electronic 
control system early became apparent, one result 
being the Lincoln Lab-developed SAGE (Semi- 
Automatic Ground Environment system) now in 
operation. 

General Mitchell, fifty-four, a 1930 graduate 
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C. W. Halligan, President, 
The MITRE Corporation. 


of the University of Detroit, is in his thirty-first 
year of commissioned service. His materiel ex- 
perience dates back to 1942, when he was Chief 
of Fighter Aircraft Procurement at Wright Field, 
until after World War II. With minor exceptions, 
he has been in the logistics business ever since. 

At this point, perhaps a word about ADSID 
will serve to illustrate the new role of C°D’, since 
in effect the C*D* concept is a lineal descendant. 
ADSID was set up after the electronic computers 
had invaded the air defense field—its job to en- 
sure that all air defense weapons and the elec- 
tronic systems which controlled them were com- 
patible one with another. Hence the important 
word “integration” in the titlk—Air Defense Sys- 
tems Integration Division. Germane to the prob- 
lem also was the need for positive control of the 
entire air battle—offensive as well as defensive. 

As General LeMay once put the problem: “Our 
air offense and our air defense cannot be permitted 
to interfere with each other. This requires close 





Maj. Gen. Kenneth P. Berg- 
quist, Commander, CCDD. 


direction and control to assure protection of our 
offensive and defensive forces and the most effec- 
tive destruction of enemy forces. To achieve the 
greatest effectiveness we cannot have confusion 
in orders, procedures, or identification. To fight 
any battle, the defensive and offensive forces must 
be interrelated and centrally controlled to get the 
best results. In fighting an air battle, this principle 
is even more of a requirement because of the 
great flexibility, high speeds, lethal weapons, and 
great ranges involved.” 

It would be hard to find a better statement of 
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work for ADSID and for its successors—Com- 
mand and Control Development Division, ARDC, 
and Electronic Systems Center, AMC. In the vast 
and growing field of electronic control systems 
for aircraft, missiles, and exotic space systems 
yet unborn, their job is to develop and procure 
systems that will be technically compatible—._ 
“make it work”—and programmed to put the 
right component in the right place at the right 
time—‘‘make it come out even.” 

To provide systems engineering and technical 
direction to C?D*, the Air Force has expanded the 
area of interest of an organization originally set 
up to perform essentially the same functions for 
ADSID. This is a nonprofit corporation known 
as MITRE. 

The MITRE Corporation is an outgrowth of 
the long association of the Air Force with the 
Massachusetts Institute of Technology in the air 
defense field. MIT’s Lincoln Laboratory research 
‘in this area has spawned, among other develop- 
ments, SAGE. 

However, MIT felt that, while research quite 
properly fell in the province of the Institute, 
active technical direction and systems manage- 
ment clearly did not. Hence, a nonprofit corpora- 
tion, MITRE, was set up under MIT sponsorship, 
with the core of its staff recruited from Lincoln. 
The name has a dual significance—from the word 
“mitre,” to fit together, and Massachusetts Insti- 
tute of Technology-Research Engineering. 

MITRE’s President, C. W. Halligan, is on leave 
from Bell Telephone Laboratories, where he was 
director of military engineering. He has been 
concerned with air defense matters for the past 
eight years. Vice President for Technical Opera- 
tions is Robert R. Everett. Executive Vice Presi- 
dent, who joined MITRE in January, is Peter J. 
Schenk, well known to AiR FoRcCE/SPACE DIGEST 
readers as immediate past president of the Air 
Force Association. 

Unlike the Ballistic Missile Division, which 
was able to start operation with a clean slate, the 
job of C’D’, ESC, and MITRE is complicated by 
the fact that they have inherited projects and 
organizations already in being and operating. And 
there is still a good deal of sorting out as to who 
is to do what to whom. To this end, the problem 
is currently being examined by an ad hoc organi- 
zation known as the Winter Study Group, with 
representation from all interested parties, includ- 
ing Hq. USAF, ARDC, AMC, and the using 
commands. Technical Director of the Winter Study 
Group is Gordon Thayer, a Vice President of 
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American Telephone and Telegraph. Under Mr. 
Thayer, Lt. Col. John L. Lombardo of C’D? and 
J. F. Jacobs, Technical Director of MITRE, co- 
ordinate the work of panels of technical experts 
concerned with various phases of the command 
and control problem. 

Winter Study Group panels include: Systems 
(including a NORAD subpanel), Data Processing 
Equipment, Data Processing Utilization, Display, 
Communications Equipment, Sending Equipment, 
Cost, Threat, Vulnerability, Design Methodology, 


People, Reliability, Weapons, and Logistics. 


The Group is advised and directed by a steering 
group set up within the Office of the Secretary of 
the Air Force. The chairman of the steering group 
is Dr. A. G. Hill of MIT, who formerly headed 
Lincoln Laboratory. Serving with Dr. Hill are 
Dr. W. O. Baker, Vice President for Research, 
Bell Telephone Laboratory; Dr. Ivan Getting, 
Vice President of Engineering and Research, 
Raytheon; Mr. Halligan, President of MITRE; 
Dr. R. F. Mettler, Executive Vice President, Space 
Technology Laboratory; Dr. Carl Overhage, Di- 
rector, Lincoln Laboratory; Dr. Emanuel Piore, 
Director of Research, IBM; Dr. Allen Puckett, 
Vice President, Hughes Aircraft; Dr. W. H. Rad- 
ford, Associate Director, Lincoln; Dr. H. Guy- 
ford Stever and Dr. Jerome B. Wiesner of MIT. 

A tentative deadline for the final report of the 
Winter Study Group has been set for July 1, but 
no one will be surprised if that schedule slips by 
a month or so. The report will be the basis for a 
detailed charter of Air Force interest and opera- 
tions in the electronic systems field and as such 
will have deep implications for the Air Force and 
for the electronic industry which serves it. 

Meanwhile, of course, the work in electronic 
systems cannot wait for the findings of the Winter 
Study Group. Work on them—the so-called “L” 
systems—proceeds apace. C*D*, at this writing, 
is in the process of seeking ARDC and Air Force 
approval of its organization chart, but it should 
be approved, staffed, and in operation within a 
month or two. 

Electronic Systems Center is firm as to organi- 
zation and manning, with twelve ESPOs (Elec- 
tronic Systems Program Office) for each of the 
systems currently within its jurisdiction. These 
are organized into three major directorates— 
Command and Control Communications, Intelli- 
gence and Warning, and Weapons Control. Total 
manning for the Center is 136 officers, five air- 
men, and 370 civilians. 

—JOHN F. LoosBRock 


AIR FORCE / SPACE DIGEST © April 1960 











Test control and » Automatic data p 


data processing 
systems used for 
rocket and 
missile testing 
and designed 

as a single 
concept... 
Bulletin 3022-X6. 


recording and 
processing 
system now 
being used in 
tests of the new 
hydrogen rocket 
engine... 
Bulletin 3012-X7. 


| 
, 
| 


These technical brochures describe 
q Airborne, systems developed for the space age by 


nema Consolidated Systems Corporation. 


— ; : 
—— - All are operating systems...on the job 


a Ba ; ; 
eee eet today... producing data in space age 
applications where time and 


a performance are critical. 
High speed data > Rocket fuel ss 
translator and process control Read about them. Circle the 
editor system for system for : f 
prccesting i a ee. brochures that interest you, jot your 
safety data... ulletin -X5, ; 
Bulletin 3021-X7. name and address on the margin 
of this page and mail to CSC. 
q Missile ground New! Consolidated’s mass spectrometers designed to 
support system analyze elements in outer space...ground data logging 
for countdown : ‘ : ‘ : 
and pre-countdown system for supersonic aircraft. Write for full information. 


checkout... es 
Bulletin 3017-X7. Pe 


CONSOLIDATED SYSTEMS 


1500 So. Shamrock Ave., Monrovia, California 


> 


¥ CORPORATION 
CEC Balle Howell 


oceceece 
Pd =. 































































































TRO 
IGCD 


-ORF 





eiriyereet 


Manufacturing and Production Test 


Marquardt/ Ogden delivered its first production engine to 


_ the Air Force in June 1957, one month ahead of schedule. 
' This was achieved despite the problems of creating, build- 
' ing and implementing a modern production facility and 
| staffing it with qualified engineers and technical person- 
' nel. In the more than two years since, each and every 
' delivery has been as-per-contract-schedule, while Ogden 
ramjets have proved 100% reliable in all test flights of 


Bomarc IM-99A., 
By strict adherence to a realistic learning curve, Ogden 


! Division currently delivers its supersonic ramjets at far 
' less than their mid-1957 delivered cost—this despite the 


ramjet engine system’s relatively early stage of maturity. 

Recent expansion and additions further enhance 
Marquardt/Ogden’s capability. In 1958 the plant doubled 
floor space to almost % million square feet, with numbers 
of employees increasing 93%. 1959 marked Ogden Divi- 
sion’s addition of a first-of-its-kind Spin Forge and 
completion of a new facility for explosive metal forming. 
Ogden’s USAF-Marquardt acceptance test. facility at 
Little Mountain gives the Division full-plant capability. 

Marquardt/Ogden is now capable of producing space- 
age hardware in all of its basic configurations—cones, 
cylinders, rings, parabolic shapes—using the most sophis- 
ticated of space-age metals. 

Responsible for Marquardt/Ogden’s record are: a crea- 
tively cost-conscious management team headed by Mr. D. 
K. Tasker (pictured left) ; early application of industry’s 


_newest and most advanced production and metal working 


techniques; a facility cited by Factory Magazine as one of 
America’s top ten; and the efforts of the Division’s nearly 
2,000 men and women workers. All combine to provide 
Department of Defense and Weapon Systems Managers 
with a unique capability for the on-time delivery of reli- 
able space-age hardware at minimum cost. 

For additional production capability specifics, you are 
invited to contact: Manager, Customer Relations Depart- 


ment, Ogden Division, The Marquardt Corporation, 1000 
West 33rd Street, Ogden, Utah. 


Current expansion creates a number of 
outstanding opportunities for: Product 
Development, Materials and Process, 





Engineers; and skilled machinists. 
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High energy (explosive) forming produces hereto- 
fore “impossible to form” shapes—typifies Marquardt/ 
Ogden’s continuing quest for optimum materials and 
processes which advance the art of metal fabrication. 


NTER, Marquardt/Ogden’s massive Spin Forge is the 
most powerful of its type for cold-flow forming of space- 
age metals. It compliments the Division’s new explosive 
metal forming facility and other specialized equipment. 


! TOM. USAF-Marquardt Jet Laboratory-Ogden at 
Little Mountain, some 15 miles West of Ogden, accept- 
ance-tests evéry production engine system produced by 
the Division; is capable of simulating flight at speeds in 
excess of Mach 3, altitudes above 100,000 feet. 















—a “Feat of Hercules” unmatched by any other plane 


A dramatic new phase of the U.S. Navy’s Operation Deep 
Freeze 60 began with the recent landing of a ski-equipped 
Lockheed C-130 HERCULES at the South Pole — after a 770 
mile flight from McMurdo Sound, Antarctica. 


The huge 62-ton “Ski-130” which accomplished this historic 
“first” is one of seven U.S. Air Force Tactical Air Command 
prop-jet HERCULES transports — all ski-equipped — assigned 
to assist the U. S. Navy in support of the United States scientific 
effort in Antarctica. Recognizing the advantages of this go- 
anywhere, haul-anything airfreighter for Operation Deep 
Freeze 60, the Navy has ordered four “Ski-130s” of its own. 


The Jet Age airlift provided by these C-130s will make possible 
the improvement of buildings to house the expedition’s scientists 


and equipment — thus expediting the entire program. It has been 
estimated that a full year in time may be saved. In addition, 
costly breakage of delicate equipment and supplies, previously 
dropped by parachute, will be eliminated — at an estimated 
saving of $1 million. 


Only a few months ago these same TAC “Ski-130” sky giants 
transported 26 million pounds of construction equipment and 
materials — and more than 1500 workers — to Distant Early 
Warning sites on the Greenland Icecap. This record-breaking 
Arctic airlift was completed well ahead of schedule. 


Now in flight test: the new Boundary Layer Control ver- 
sion of the C-130 HERCULES, which will operate from ex- 
tremely short, unimproved runways. 
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i. Hundreds of thousands of words on the problems of survival in the nuclear-space 
, age have been uttered. Here are some of the most thoughtful we have heard or read 
recently. In one way or another, they all address themselves to the acute 
problem of our times, the question of whether we are willing to face up to the 
. challenges of a new world that is already upon us. They are not tran- 
: [ quilizers, but rather serious. . . . 


Pi 
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SPACE” 
CAPSULES 


“I think it is my duty and your duty to be op- 
timistic in the atomic age, because only with opti- 
mism can we create out of all the uncertainty the 
kind of future in which it will be worthwhile to 
live.” 

Dr. Edward Teller, nuclear physicist and 
Director of the University of California’s 
Lawrence Radiation Laboratory, Livermore, 
Calif., writing in the Lincoln, Neb., Sunday 
Teller: Only with optimism Journal and Star, November 1, 1959. 
can we create any worthwhile : 


future in which to live. CO 


“I believe that our nation must acknowledge 
the predominant importance of space for national 
security and survival.” 

Lt. Gen. Bernard A. Schriever, Commander, 
Air Research and Development Command, 
testifying before the House Committee on 
Science and Astronautics, February 5, 1960. 

















een . 

ion, CoO 

usly 

ated “We could lose all by allowing an adversary to 
gain technical advantage in space weapons. We 

ants almost did when we allowed Stalin a nearly eight- 

and year uncontested head start on rocket and missile 

arly development... . 

king “But to win the world for freedom takes much 
more than weaponry. It calls for the application 

veil Schriever: We must acknowl- of science and technology to human needs—mak- 

1s edge the importance of space ing the deserts bloom with desalinized sea water, 

for national survival. converting solar energy to power, unlocking the 

secrets of the living cell to achieve a longer, 
healthier life span, and . . . eventually develop- 





AIR FORCE / SPACE DIGEST ¢ April 1960 81 








ing better understanding and cooperation between 
peoples.” 
James H. Doolittle, on receiving the 1959 
Silver Quill Award from National Business 
Publications, Washington, D. C., January 
21, 1960. 


OO 


“This command [SAC] has a vital interest in 
[weather, reconnaissance, and warning] satellites. 
. . . Weather satellites . . . can help us expand 
what is already the world’s largest and most com- 
plete weather service. The value of reconnaissance 
satellites is obvious. Without question, they would 
add tremendously to our intelligence capability. 
The vital need for warning satellites also requires 
no embellishment. SAC, as the free world’s 
greatest retaliatory force, urgently needs every 
moment of warning it can get to unleash a counter- 
blow. ... 

“Although missiles will become a major portion 
of [our] inventory, the manned aircraft will still 
be necessary to maintain a flexible . . . force.... 
There will always be a requirement for man’s 
brain in the weapon system. According to our 
plans, manned and unmanned systems will de- 
velop on a parallel until we reach the point of 
placing the human being in a system that operates 
in space. This is the goal. To achieve it, we can- 
not neglect the development of either system.” 

Gen. Thomas S. Power, Commander, Stra- 
tegic Air Command, in an interview with this 
magazine, March, 1960. 


clo 


“One reason [Congress does not increase the 
defense budget] I am sure is that not enough con- 
gressmen are really interested in this subject. 
There are a number of them who really do their 
homework, and a growing number, but the great 
majority of them pay very little attention to [the 
defense problem] until their mail forces them 
to. " 


Thomas G. Lanphier, Jr., on NBC’s “Meet 
the Press,”’ March 13, 1960. 


o 2 


“Today, the question is often asked: ‘How far 
do we plan to send manned vehicles into space?’ 
The answer, as I see it, is—as far as they need to 
go in regular operations. . . .” 
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Doolittle: Winning the world 
will take even more than 
supremacy in space weaponry. 


Power: SAC has a vital in- 
terest in space _ technology; 
man in space is our goal. 








Gen. Thomas D. White, Air Force Chief of 
Staff, testifying before the House Committee 
on Science and Astronautics, February 4, 


1960. 


“. . . With truly cosmic forces harnessed to the 
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is experienced... 
in Data Storage Systems 


No man-made memory device has 
yet equalled the human brain from 
the standpoint of combined storage 
capacity and random-access time. 


The closest approximation is LFE’s 
HD Drum. Within approximately 
one cubic foot, the LFE HD Drum 
stores up to 15 million bits of 
information ... has a random-access 
time of one-sixth of a second. 


LFE is experienced in the design, 
development and manufacture of 
Data Storage Systems for both 
military and industrial applications. 


Further details about LFE Storage 
Systems may be had by writing the 
Vice President of Marketing. Ask 
for Technical Data Digest No. 6033. 
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White: How far into space? 
The answer is as far as we 
need to go for operations. 


Glennan: And there is this mat- 
ter of competition with the 
Soviet Union. 











machines of war, we have a situation for the first 
time in history where the opening event by which 
a great nation enters a war—an event which must 
reflect the preparations it has made or failed 
to make beforehand—can decide ‘irretrievably 
whether or not it will continue to exist... .” 
Bernard Brodie, in Strategy in the Missile 
Age. Princeton University Press, 1959. 
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“. . There is this matter of competition with 
the Soviet Union. While space research is only 
one of the many areas of scientific, economic, and 
political rivalry between our two great nations, 
it is the most exciting, difficult, and glamorous of 
all. For decades, the world at large had regarded 
this country . . . as preeminent in most scien- 
tific, technological, and industrial fields. They 
have known us by our works and judged them 
good. 


. e J 
“The Soviets have managed to convince many, 


even in the relatively sophisticated Western na- 
tions, and certainly in the less industrially de- 
veloped nations, that Russian accomplishments in 
space—and they are considerable—are the true 
measure of scientific and technological develop- 
ment, and thus the measure of the strength of a 
society and a form of government.” 
T. Keith Glennan, Administrator, National 
Aeronautics and Space Administration, to 
the Worcester, Mass., Economic Club, Febru- 
ary 15, 1960. 
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“Space accomplishments have captured the im- 
agination of the world and we must recognize that 
we cannot be second best in space for very long 
and still command respect and hold world leader- 
ship. In a very real sense, we are in a war of 
scientific development, as well as a war of produc- 
tion. We must have firsts—firsts in space and firsts 
elsewhere, if we are to continue to be leaders.” 

Thomas J. Watson, Jr., President, Interna- 
tional Business Machines Corporation, testi- 
fying before the Senate Subcommittee on 
National Policy Machinery, February 25, 


1960. 


“If we are not prepared . . . to admit that we 
are in a struggle for survival involving military 
power, economic productivity, and influence on 
the minds of men in political, scientific, and moral 
fields, then we have truly succumbed to the hard 
sell of the soft attitude. 

“For whether we like it or not, we are in the 
early stages of a ruthless and lengthy ‘period of 
competition between our system of free men gov- 
erned by their consent, in a society of reasonably 
free enterprise, and the Communistic system with 
the so-called advantages derived by a dictatorship 
endowed with cold-blooded patience, continuity 
of determined effort, and openly declared single- 
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ness of purpose directed toward world domina- 
tion.” 
Robert A. Lovett, former Secretary of De- 
fense, testifying before the Senate Subcom- 
mittee on National Policy Machinery on 
February 23, 1960. 


OO 


. . . I wish to emphasize six major points: 
First, the nation faces a clear and eminent threat 
to its survival, but we have not yet fully awakened 
to this very unpleasant fact. Second, the nation 
can and should do much more to put its back 
into the job of meeting the threat. We certainly 
have the resources to do those things required for 
our survival, provided we allocate them wisely. 
Third, key officials concerned with our national 
security frequently do not have all the facts they 
need to make many important decisions, or they 
have the wrong facts. Fourth, I believe our key 
Officials, particularly the Secretary of Defense, 
need better staff assistance for securing objective 
military advice. Fifth, the Congress should, by 
appropriate legislation, give the President and the 
Secretary of Defense more flexibility in assigning 
roles and missions to the three services and the 
Marines. Sixth, the Congress could and should 
play a more active role in stiffening our response 
to the Communist challenge.” 

Robert C. Sprague, Chairman of the Board, 
Sprague Electric Co., testifying before the 
same subcommittee, February 24, 1960. 


“ 
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“. .. We are not moving ahead rapidly enough, 
nor with enough, to ensure victory in the space 
war. . . . Perhaps the main reason we are not 


moving fast enough is because our populace seems 
to be divided into two camps—the complacent 
and the foolhardy; those who just don’t care— 
there are far too many of these—and those who 
would spend money on any stunt. We don’t, in 
effect, have the polarization of effort required to 
fight a war and I honestly believe that in this day 
and age the space race is war. It may cost lots of 
money, and maybe we might all have to work a 
bit harder, but if we don’t start running fast, the 
consequence is defeat. There is simply no alterna- 
tive.” 
Dr. Rex C. Mack, Manager of Space Pro- 
gram Development, Hughes Aircraft Com- 
pany, to the Institute of Radio Engineers, 
Pasadena, Calif., February 18, 1960. 








Lovett: Have Americans suc- 
cumbed to the hard sell of the 
soft attitude? 


Khrushchev: We will bury you. 











‘ 


‘, . . Let us not delude ourselves. Would we 
rather see our taxes go to efforts to solve the prob- 
lems of space today, or would we prefer to wait 
and see them go to a foreign power in payment for 
the exports from that country’s newest territory 
—the moon?” 

Thomas R. A. Davis, M. D., Director of 
Environmental Medicine, US Army Medical 
Research Laboratory, writing on “Man Alive 
in Outer Space,” in the Atlantic Monthly, 
March, 1960. 
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That’s your missile warhead in terminal dive, or your aircraft 
approaching a heavily defended target...the enemy has 
detected you. They’re jamming your radar or confusing the 
terminal guidance. Decoys are between you and the target. 
Enemy radar is “locked on.” Nuclear tipped anti-missiles are 
energized for intercept. 

How to get through? 


penetration aids That’s Loral’s field. Pas- 
sive defense systems which evaluate the enemy’s capability 
and actuate the necessary countermeasures. Miniaturized. 
Modularized, to fit the system needed to get a target kill. 
They’re low in weight, they’re rugged and reliable, they check 
out in seconds. 

Loral can assist you in accomplishing your mission by making 





the entire penetration system from ground checkout to war- 
head detonation. 

If passive surveillance is your problem, we can help you obtain 
the information, convert it into a form appropriate for your 
system’s use, then relay it back for processing by Loral-built 
computer complexes. 

We've broken through Avionic and Space barriers with our 
Countermeasures, Weapon, and Reconnaissance systems. 
We've done it for the Armed Forces and their contractors. 
Count on Loral to get your weapon system through. 


LORAL ELECTRONICS CORP. 
Systems Division « New York 72, New York ‘ 
Local offices: California + District of Columbia « Ohio 

For advanced design, development and 

production of Penetration Aids Systems. 










A HYDRO-AIRE ANNOUNCEMENT OF IMPORTANCE TO THE NATION’S DEFENSE INDUSTRIES 
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and Electronics. 





If your project involves the 
design and development of a 
reliable control system, 
sub-system, or related 
components —on the ground, 
in the air, or in space ~ 
Hydro-Aire engineers 

can help you. 

For over seventeen years, 
thousands of Hydro-Aire 
control systems have 
demonstrated reliability and 
trouble free operation, due 
largely to careful Hydro-Aire 
design engineering, 
environmental testing 
and manufacturing 
quality control. 










Investigate Hydro-Aire Research, 
Design, Engineering, Development, 


Your Projects in Aircraft, 


Missiles, Missile Support, 


FACILITIES 
Hydro-Aire administrative, 
engineering, testing and pro- 
duction facilities are all 
located at Burbank, in a mod- 
ern eleven acre plant. Sales 
engineers are located in key 
centers throughout the U.S, 
The vast facilities and re- 
sources of Crane. Co., Hydro- 
Aire’s parent company, are 
also immediately available for 
any Hydro-Aire project. 


WRITE FOR BROCHURE 
Order your copy of Hydro- 
Aire’s colorful, descriptive 
facilities booklet. On your 
letterhead, please. 


ENGINEERS 

Interesting opportunities are 
available. Write or call Mr, 
Douglas Nickerson, Chief En- 
gineer, 3000 Winona Avenue, 
Burbank. 


NDROAIRE 


BURBANK, CALIFORNIA 
Division of CRANE CO. 


Developers and producers of 
reliable contro! components, 
sub-systems and systems for 
the aircraft, missile, electronics 
and transportation industries. 
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Investigate these examples 
of Hydro-Aire capability 

















Fuel and/or hydraulic systems and 
sub-systems 





Hydraulic motors, actuators, pumps, air 


turbines, regulators and controls 







Pneumatic and hydraulic valves and 


regulating devices 





Linear actuators 

Rotary actuators, including high 
temperature 

Electro-mechanical actuators for radar 
and other applications 

Pneumatic and hydraulic high temperature 


valves and pressure regulators 










Complete nitrogen systems, including the 
bottle for missile launchers 
Solenoids, 1000° to 1200°F 
Electric motors, 1000°F 













Load or pressure sensitive control systems 
Control systems for rotating machinery 


Automatic braking systems for aircraft 






Electric flight control systems 
Ground support equipment for missiles 
and missile launchers 
























Temperature control systems 
Equipment for high pressure, high 
temperature applications 
Direct operation valves to replace pilot 
operated valves 
* Transistorized control boxes 
Electrical test and checkout equipment 














Rocket propulsion systems equipment 
Magnetic flutter dampeners and actuators 
Transistorized power supplies 
(DC-DC; DC-AC; AC-DC) 

Transistorized 3-phase voltage regulators 
Inverters 
Converters 
Generators 
Time delay relays (solid state 
and conventional) 


Write for details 
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“I don’t see that there has been any change in 
the long-run Communist goals of world domina- 
tion. Whether you deem that the Communist aims 
are those of world subjection by military force or 
whether you consider that their aims are longer- 
run aims of world domination simply by doing a 
better job and producing more and being smarter 
than we are, still I say that it is a competitive 
world and we have to figure out how to meet that 
competition.” 

Malcolm P. McNair, Lincoln Filene Profes- 
sor of Retailing, Harvard Graduate School 
of Business Administration, in the General 
Electric Defense Quarterly, January-March, 
1960. 


OO 


“If the true aim of space projects is to be spec- 
tacular, to impress the world with bigness, power, 
and the unspoken threat of missile weapons, the 
Soviets are more successful than the US. If it is 
to serve peace and scientific knowledge, then our 
Pioneer V is performing very well indeed. It is 
unfortunate that the US has not succeeded better 
in making this contrast in American and Soviet 
space efforts plainer to the world.” 

From an editorial in the Philadelphia In- 
quirer, March 15, 1960. 
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“This new age of rapid change is not one we 
can ignore or one from which we can turn away 
to more tranquil and predictable times. For the 
revolution in ideas and science and technology are 
virtually worldwide. Failure to meet this challenge 
with our best efforts would be tantamount to sur- 
render to forces we could control with the abilities 
and wisdom God has given us... .” 

Rep. Bernard F. Sisk, Democrat of California 
and member of the House Committee on 
Science and Astronautics, speaking at the 
dedication of Avco’s Research Center, Wil- 
mington, Mass., in May, 1959. 


clo 


“Soviet supremacy in the production and use of 
missiles and space vehicles will give them a two- 
fold advantage. One, the US will and ability to 
combat Communist moves of aggression will be 
paralyzed by the threat of mass destruction, and 
two, the world will be told the Communist sys- 
tem is best suited to the new era of civilization in 
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which man has escaped his earthly confines. It 
takes little imagination or foresight to anticipate 
our plights were such advantages to reside in the 
hands of the masters of the Kremlin. Our eventual 
submission . . . would be assured.” 
Ralph Becker, vice chairman of the Ameri- 
can Rocket Society’s Space Law and Soci- 
ology Committee, at the 1959 annual meet- 
ing of ARS at Washington, D. C., December, 


1959. 


“In all of Washington, there appears to be only 
one man who does not believe it is crucially im- 
portant to catch up with and surpass the Russians 
as soon as possible. He is the boss, President 
Eisenhower. 

“He alone does not concede we are in a race 
with the Russians. He alone has expressed doubts 
that American prestige and influence in the world 
have suffered because the Communists have 
[made] a greater national effort to master space.” 

Leverett Chapin, associate editor, the Denver 
Post, in the last of a series of articles on 
“The Great Debate,” published March 10, 
1960, in that newspaper. 


“We will bury you.” 


Soviet Premier Nikita Khrushchev, between 
cocktails, 1959. 
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The first and last statements quoted above, the 
hopeful remark of Dr. Teller and the cold threat 
of Mr. Khrushchev, stand in interesting contrast. 
They symbolize the two possible roads the world 
may travel as it enters the new age. 

In one sense or another, the rest of the state- 
ments, ranging from Jimmy Doolittle’s call for 
a technological triumph over poverty and disease 
to Tom Lanphier’s plea for earnest congressional 
interest in defense matters, are commentaries on 
national attitudes in this business of road choosing. 

It is a plain fact that the world is entering a 
new epoch of history. Like all plastic things, his- 
tory must be shaped—by men. 

If anyone is willing, in Year Four of the space 
age, to do that shaping—for the rest of us—it is 
Mr. Khrushchev. He could win that right by de- 


fault if not enough of us heed the warnings quoted 
above.—END 
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TRW's power conversion 
system, shown here in relative 
position in a typical space 
satellite, was developed as 
part of the AEC’s SNAP I! 
project under prime contract 
to the Atomics International 
Div. of North American 
Aviation, Inc. 





from a miniature turbo-generator... 


ELECTRICAL POWER 
FOR A YEAR IN SPACE 


Thompson Ramo Wooldridge Inc.’s national leadership in the development of auxiliary 
power, based on the manufacture of thousands of auxiliary power units for aircraft and 
missiles, is now being extended into the space field. 


Recently described in an announcement by the Atomic Energy Commission as an 
outstandingly successful development is this ‘‘fantastically small’’ turbo-generator for the 
AEC’s SNAP II (Systems for Nuclear Auxiliary Power) project. The tiny 25-pound device, 
no larger than a football, is part of the TRW system which will convert heat generated 

by the world’s smallest nuclear reactor into electrical energy sufficient to operate radio 
transmitters and other instruments in space satellites for a full year. 


The SNAP II turbo-generator achievement will help make possible long-lived satellites, 
world-wide television communications, deep space information transmission and 
interplanetary travel. It is only one result of the continuing program of basic and applied 
research by TRW scientists and engineers into new materials, techniques, and devices 
to meet the stringent operational and environmental requirements of the space age. 


RESEARCH TODAY...NEW PRODUCTS TOMORROW 


Thompson Ramo Wooldridge Inc. 


MAIN OFFICES + CLEVELAND, OHIO « LOS ANGELES, CALIFORNIA 


Precision mechanical products for the automotive, aircraft, missile and nuclear industries. 
Electronic products for home and industry. Military electronics and space technology. 








Spectrophotometers 


Baird-Atomic has also been a pioneer in 
commercial infrared instrumentation — 
first to market a double-beam recording 
spectrophotometer. B/A’s development 
program continues to pace the field in 

i infrared analysis. 
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Airborne Search 


The B/A transistorized “ROYAL FLUSH” 


Airborne Scanning, Detecting and 
Spectral Systems evaluate infrared 
radiation from airborne targets — also 
used to study radiation transmission at 
extremely high altitudes ... 


Optical Trackers 


B/A tracking telescopes, as shown 
above, are in regular use at several 
locations. These unique systems can 
use visible, near or far infrared signals. 





~ 


V V ith a background of many years of advanced scien- 


tific and engineering effort in infrared, Baird-Atomic has 
developed and delivered a number of ground-based and 
airborne systems for special government requirements. 
B/A’s backlog in this field has risen sharply, with major 
new commitments for the Missiles and Space Division of 
Lockheed Aircraft Corporation. Baird-Atomic’s respon- 
sibilities include the development and delivery of special- 
ized systems for important new applications in space 
programs. Other programs for infrared system develop- 
ment for the government show continued growth. 


The expansion of infrared projects at B/A and the 
continued growth of national and world markets have 
created new openings for scientists, designers and produc- 
tion engineers. Unusual opportunities are yours, if you 
qualify. For details, write to: Personnel, Baird-Atomic, 
Department Y. 


Main Office: Besird -Atomic, Inc. 
33 University Road 
Cambridge 38, Massachusetts 


Other B/A Products 
Emission Spectrographic Equipment — 
The Atomic Line of Radioactivity Meas- 
uring Instruments — Electronic and 
Special Products — Infrared Interfer- 
ence Filters — Periscopic Sextants 




















As the stakes in the technological 
war have increased, NASA and 
USAF have emerged as the two 


dominant agencies in 


HE Russians announce another spec- 
tacular. ... We announce another man- 
agement reorganization.” This was the 
head-scratching comment of a well 

known military reporter one afternoon not long 
ago as he emerged from a Pentagon press con- 
ference. He was speaking less as a veteran news- 
man accustomed to the ways of government than 
as a citizen trying to keep up with the zigzag 
pattern of our national space organization. 

Some things have changed since we last at- 
tempted on these pages to present a graphic pic- 
ture of the complex of agencies and offices in- 
volved in the US space effort. That picture, drawn 
as a molecular structure (because it seemed to tell 
so much more than the conventional organiza- 
tional chart), was given in February 1959. That 
was two Luniks and much recrimination ago, but 
the principal point made then still holds true: In 
our national space effort, there is no central focus, 
outside the White House, of both decision and 
authority. This fact has become only more disturb- 
ing in the fourteen months since February 1959. 

A year ago, the country was getting used to 
headlines describing such new operations as the 
President’s Special Assistant for Science and 
Technology, the National Aeronautics and Space 
Council, the Director of Defense Research and 
Engineering, the Advanced Research Projects 
Agency, the Civilian-Military Liaison Committee, 
and the National Aeronautics and Space Admin- 
istration. One by one, since Sputnik, these offices 
had been created by the Executive and the Con- 
gress, almost as if the planners had a sort of 
spiritual faith that with the appropriate name on 
the appropriate door, the “science” of manage- 
ment would come to our rescue. 

But, as in all other struggles, the fittest and 
most functional survived. The Advanced Research 
Projects Agency, created in the wake of Sputnik 
as a supermanagement agency within the Depart- 
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The National Space Effort—1960 


Less ‘Alphabet 
Soup,’ But Far 
From Spelled Out 
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NATIONAL SPACE EFFORT... 


AGENCIES AND INSTALLATIONS 





(Uniess otherwise noted, all agencies are headquartered in Washington, D. C.) 


The White House 


Congress 


Special Assistant- 
for Science 
and Technology 


National Aeronautics 
and Space Council 


Senate Committee 
on Aeronautical 
and Space Sciences 


House Committee 
on Science 
and Astronautics 
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Secretary 
of Defense 


National Aerqnautics 
* and Space Administration 


Civilian-Military 
Liaison Committee 


Director of 
Research 
and Engineering 


=e 





Advanced Research 
Projects Agency 


An AIR FORCE/SPACE DIGEST Chart (As of March 1, 1960) 
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NASA 


Research Advisory 
Committees 


Office of 
International Programs 





Office of 
Program Planning 
and Evaluation 


Secretary 
of the Army 


Chief of Staff, Army 


ARMY 


Secretary of the Navy 


Chief of Naval 
Operations 


NAVY 
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| ment of Defense, described as the Pentagon’s 


space agency, has shrunk to a ghost of its former 
self. For a time, until the organization of the 
National Aeronautics and Space Administration, 
ARPA held sway over the three military services, 
funding space projects. Today, ARPA still shows 
up on the chart, but devoid of its former glory, 
funding a few programs—important ones, to be 
sure—in materials research, fuel studies, antimis- 
sile defense, and communication satellites. And 
although many observers have credited ARPA 
during its brief ascendancy with having served 
the good purpose of “koshering” military space 
projects for funding (an ARPA tag was highly 
prized for a while by the services), most of them 
also agree that it has long since ceased to be 
highly significant. The final denuding of ARPA 
occurred last year when the Air Force received 
the military space booster mission. 

Another example of an exciting opener and a 
rather unexciting road-show run has been the 
office (created in 1957, shortly after Sputnik, and 
announced by President Eisenhower in his “chins- 
up” speech in October 1957) of Special Assistant 
for Science and Technology. The nation was given 
the impression that the then newly designated 
James R. Killian was to be, as this magazine put 
it, a “science chief of staff” to the President, with 
real power. As matters turned out, this was not 
the case at all. Instead, the new office rapidly be- 
came more decorative than functional, its main 
contribution to the space effort being the delivery 
of frequent speeches stressing the need for higher 
educational standards and more attention to sci- 
ence in the educational system. Dr. George Kistia- 
kowsky, the present Special Assistant, has spoken 
out much more strongly on the challenge of Soviet 
science. But the power that might have resided 
in the office is, if anywhere, focused in the office 
of Director of Defense Research and Engineering, 
Department of Defense, the post held by Dr. 
Herbert F. York. 

There are two other items that still show on 
the chart but probably won’t the next time our 
artist executes one. These are: (1) The National 
Aeronautics and Space Council, and (2) The 
Civilian-Military Liaison Committee. The Presi- 
dent has asked Congress to abolish both functions. 

The Space Council, with the President as chair- 
man, created by the Space Act of 1958 which 
set up NASA, was to be a National Security 
Council sort of operation to make high-level 
policy on astronautical matters. It has. met infre- 
quently during its brief history, and there seems 
to be little regret anywhere at its approaching 
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demise. Also, the President, in his requested 
amendments to the Space Act, asks to be relieved 
of both the duties of formulating a national space 
program and of submitting an annual “space re- 
port” to Congress. 

The Liaison Committee, headed by one-time 
Pentagon Director of Guided Missiles, William 
M. Holaday, was, under the Act, to have been 
the pipeline of adjudication of differences between 
the military, represented by the Department of 
Defense, and the civilian space organizations, rep- 
resented by NASA. The committee has, by the 
admission of Mr. Holaday, had practically noth- 
ing to do since its inception. There was late last 
year, after Senate testimony by Mr. Holaday, a 
flurry of feeling that the Committee ought to be 
eliminated. It is on its way out. 

What is the organization of the space effort 
as of today? Essentially, it has resolved down to 
two main organizations—NASA and the Depart- 
ment of Defense, for which it is accurate to read 
United States Air Force. This is not to say that 
the other military services have lost their interest 
in space. Both Army and Navy still retain some 
capability and a good deal of interest, but the 
exigencies of budget and the pressure of logic has 
placed the Air Force in the dominant position so 
far as military space operations are concerned. 

With the presidential transfer of the Von Braun 
team from the Army Ballistic Missile Agency 
to NASA, the Army, for all practical purposes, 
is today out of the military space business, al- 
though by no means out of the missile business 
per se. Also, the Army has high hopes for a space 
mission involving communications satellites. 

The Navy, with a considerable aeromedical 
capability, a Polaris program, plans for a naviga- 
tion satellite, and its Pacific Missile Range re- 
sponsibilities, is hanging on more tightly. Both 
Army and Navy are presently, but apparently 
separately, supporting proposals for a tri-service 
military space command, an idea that is doubtless 
being looked at somewhere in the Pentagon. 

The Air Force and NASA. These are the two 
halves of today’s space organization. Between 
them is divided the difficult-to-divide national 
space effort. There is much interchange, especially 
on the working level and notably in the Project 
Mercury program of NASA to put an American 
into orbit. Mercury itself is largely a descendant 
of what were originally Air Force proposals to do 
the same job. The Astronauts are benefiting from 
the notable aeromedical know-how of the Air 
Force (also that of the Navy); their flight sur- 
geon, Maj. William Douglas, is an Air Force doc- 
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tor. Three of the Astronauts are Air Force test 
pilots. The one who takes the big ride into orbit 
will be boosted out of this world by a USAF- 
Convair-developed modified Atlas missile. 

Incidentally, it is worth noting at this point 
that as of March 2 (one day after the cutoff date 
of our chart on pages 94 and 95) NASA es- 
tablished its own Office of Life Sciences, designed 
to develop an in-house space-medicine capability. 
The new office will be directed by Dr. Clark 
Randt, a well known neurologist who joined 
NASA in 1959. The creation of the new human 
factors division in NASA was recommended by 
a committee under the chairmanship of Dr. Sey- 
mour Kety of the National Institute of Health. 
It is too early to judge the validity of NASA’s 
setting up such a new division, in view of the 
large existing capability in the Air Force and 
Navy, but it is fair to say that at least some 
people will wonder if this new departure isn’t 
a duplication of effort. 

The new NASA division, regardless of its 
merits or demerits, is perhaps as handy a symbol 
as any other of the current dualism. 

Boosters—our admitted great shortage in the 
competition with the Soviet Union—are similarly 
divided primarily between the Air Force and 
NASA. In this case, there is even a flesh-and- 
blood bridge between the two agencies in the 
person of Maj. Gen. Don Ostrander, USAF, on 
loan to NASA as Director of Launch Vehicle 
Programs. In this capacity, General Ostrander 
bosses Dr. Wernher von Braun and his team, 
formerly with the Army Ballistic Missile Agency 
and now being transferred to NASA, who are de- 
veloping the superthrust Saturn engine cluster 
now billed as the great hope for substantial pay- 
load-carrying space missions. Meanwhile, the Air 
Force is handling, with industry, a big share of 
NASA’s Centaur program to develop a liquid- 
hydrogen high-thrust engine, part of NASA’s 
over-all “family of space vehicles” (see page 102), 
many of which utilize the well known Atlas and 
Thor. 

Although the organizational situation has 
changed in the direction of simplicity in the past 
year, the analysis and discussion on official and 
unofficial levels has continued unabated. 

In recent weeks, for example, various observ- 
ers, ranging from Dr. William Pickering, Director 
of the Jet Propulsion Laboratory of California 
Institute of Technology, to retired Maj. Gen. 
John B. Medaris, former commander of the Army 
Ordnance Missile Command, have declared pub- 
licly that the present organization, divided as it is, 
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is ineffective and somehow has to be changed. 

Dr. Pickering, representing one extreme, be- 
lieves that practically all authority should be fo- 
cused in NASA, while General Medaris believes 
that the space effort must be rolled into one 
package run by the military. 

Between these extremes are views, some in the 
Air Force, notably the Air Research and Devel- 
opment Command, that NASA in itself is a fine 
and valuable organization but that it could be 
much more valuable if, in a heavily expanded 
way, it performed in the manner of the old NACA 
—that is, research for customers—and did not 
operate as a vast contracting agency as it is em- 
powered to do now under the Space Act of 1958. 

Also, there is sentiment in some quarters and 
there will probably be study in Congress of the 
possibility of creating a military applications di- 
vision with NASA, analagous to the one in the 
Atomic Energy Commission. This idea has great 
appeal for some, but it has to be pointed out 
that such an arrangement would be a hopeless 
duplication of such existing operations as the 
Air Force’s Ballistic Missile Division and _ its 
relative counterparts in the other services. It has 
to be remembered that when AEC was estab- 
lished, it was born of the Army’s Manhattan 
District and was the only repository of nuclear 
capability in the country. There is no real analogy 
between nuclear capability and astronautics. 

Which brings the writer, the reader, and the 
numerous congressmen following the vagaries of 
US space organization back to the same old 
question: Can the country devise an organization 
which provides for the over-all civilian control 
that is traditional to our society while paying 
sufficient attention to the increasingly obvious 
military needs for space capabilities? 

On the chart on pages 94 and 95 we have tried 
to include all the principal agencies, both military 
and civilian, that are contributing to the space 
effort. They range from White House and Capitol 
Hill to the field installations of NASA and the 
three services. Not cited because of space limita- 
tions—although they too play important roles— 
are such agencies as the AEC, which is exploring 
nuclear propulsion and auxiliary power systems, 
some of the other committees of Congress which 
are involved importantly with appropriations and 
investigations, or such items as the Space Science 
Board of the National Academy of Sciences, 
which does project-suggesting for NASA. 

One agency in particular is not cited but is 
very active in writing the guidelines—the Bureau 
of the Budget.—Enpb 
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underwater detection problems? 


COMMUNICATIONS 


A vital link in this country’s 
defense chain is a reliable, 
accurate Anti-Submarine 
Warfare program to provide 
advance warning of the pres- 
ence of a potentially hostile submarine. 
Hoffman has contributed substantially to 
this program through the manufacture for 
the U.S. Navy of Sonobuoys to detect 
and locate undersea objects. In addition, 
Hoffman has broad experience in under- 
water simulators, as well as communica- 
tion links and navigation aids for ASW air- 
craft. This background provides Hoffman 
with a capability-in-depth to help solve 
your problems in underwater detection. 
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COUNTERMEASURES 


Hoffman /s.ecrromies CORPORATION 


Military Products Division 


Formerly Hoffman Laboratories Division 


3740 S. Grand Avenue, Los Angeles 7, California 


Significant developments at Hoffman have created positions for scientists and engineers of high calibre. Please address inquiries to Vice President, Engineering. 





From fow targets fo target missiles... 


From underwater bogeys to helicopter systems... 


DEL. MAR 
wer eRS 

A UNIQUE 
R&D 
CAPABILITY 


Today, operational interceptor squadrons all over 
the free world rely on Del Mar weapons training 
systems. Having taken its place among the foremost 
military prime contractors, this vigorous young 
company is uniquely qualified to assume further 
R&D responsibility in broad new areas of study and 
development. 


Alert to the training requirements of new weapons 
systems, Del Mar offers an R&D capability that is 
built upon: 


(1) An engineering and scientific staff of interna- 
tional reputation in advanced system studies 
and weapons system development 


(2) Management personnel with extensive back- 
grounds in the employment of current 
weapons systems in both combat and training 


(3) Laboratory facilities conducive to creative 
work backed up by complete production 
facilities for the support of developmental 
and testing programs 


(4) And, finally, a company historical record of 
having successfully designed, developed, and 
produced operational weapons training sys- 
tems during the past decade, 


For more complete information on this unique train- 
ing and weapons support system capability, write for 
the Del Mar R&D capability brochure, Bulletin 
ASD-933-1. 


: S 
& 1€ 
SRING LaecRate 


International Airport 
Los Angeles 45, California 


Engineers and Scientists: os 
investigate Del Mar for a rewarding future in hydrwspace 
sciences, aerospace sciences, and environmental systems. 











These are the remembered years. 

Early manhood—when the prospects for a bright 
and exciting future are viewed with mature concern. 

So much of what you do, you do for the first time. 
So much of what you learn is new. 

These early years are spent in completing ad- 
vanced education and training, in attaining top pro- 
ficiency, in actually mastering a specialty. They will 
also be the years that build the foundations of life- 
long friendships...friendships with people deter- 


There’s a place for tomorrow’s leaders 


on the Aerospace Team 


ws hse 


mined to achieve an exciting and rewarding career 
in the Aerospace Age. 

The early years are also impatient and difficult 
years, with too much to do and too little time. 

These are the years when a young officer decides 
whether he wants to make the Air Force his career... 

And if he is among thuse who are accepted for a 
full Air Force career, he can look back at these early 
years for what they were...an important preflight 
for a successful life., 



























USAF-NASA’s X-15 = 





1960-1970 will be a busy space decade. 


Here are the space vehicles and projects 


that will be taking the US up and out.... 


Manned Aerospace Flight Programs 


@ MERCURY 


NASA top-priority program to place US Astro- : 


naut in low (some 120 miles) orbit, for an ex- 
pected three passes around the earth, followed by 
parachuted capsule reentry and recovery at sea. 
Seven veteran military test pilots—three Air 
Force, three Navy, one Marine—now in training; 
one will be chosen for actual first mission. Project 
headquarters at NASA Langley Research Center, 
Langley AFB, Va. Preliminary manned 200-mile 
ballistic trajectory flight in a McDonnell-built 
capsule mounted on an Army Redstone missile, 
scheduled for 1960, followed by orbital rehearsal 
flight using a primate. Actual mission possible 
in 1961. Mercury capsule by McDonnell Aircraft 
Corp., orbital boost by USAF-Convair Atlas 
ICBM. Human factors support by Air Force, 
Navy, Army. 


e X-15 
Air Force-NASA program, with naval funding 
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and pilot support—first conceived in 1952. Air 
launch of North American Aviation-built rocket 
craft from under wing of Boeing B-52; to attain 
altitudes of 50 to 100 miles at speeds which some 
estimates have placed as high as 3,600 mph. 
From maximum altitude, X-15 will glide home 
to a dead-stick landing, obtaining data on aero- 
dynamic heating at hypersonic flight speeds, pilot 
capabilities under high accelerative stresses. Pilot 
expected to experience several minutes of weight- 
lessness. Some 80,000 feet altitude already at- 
tained in powered flights from air launch. First 
of three vehicles accepted by USAF, March 1960. 
Propulsion: 50,000-pound-plus liquid-fueled en- 
gine by Reaction Motors Div. of Thiokol. Actual 
mission expected in late 1960, early 1961. 


@ Dyna-SoarR 

Air Force follow-on program to X-15. Manned 
hypersonic glider, to be launched from earth by 
rocket, possibly a modified Martin Titan ICBM, 
to near-orbital velocity and altitude, followed by 
skip-glide reentry at low angle through upper 
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‘atmosphere and landing at preselected point. 
' Mission: to test feasibility of manned orbital 
' glider system. Boeing and Martin companies 
_ head industrial teams, with Boeing handling ve- 
 hicle and Martin propulsion. Air Force’s Wright 
_ Air Development Division initially acting as prime 
' contractor. Glider flight and crew training in Air 
' Force planning stage. Actual mission expected in 
| late 1960s. 


| Vehicles, Vehicle Programs, 
- Vehicle Studies 


The family of vehicle combinations contem- 
plated for scientific and military uses during the 
present decade falls into three general categories: 
those now available, those under development, 
those under study. 

Into the first category fall such items as the 
Army-developed Redstone missile, which will be 
phased out of space project use by NASA after 
1960-1961 service as a booster in manned ballistic 
trajectory flights in support of Project Mercury; 
the Juno II Army-developed vehicle which has 
been used in NASA space probes and will be 
phased out by NASA by the end of 1961; the 
Thor-Able, Air Force-developed vehicle also 
used in space probes, which will be phased out 
of NASA service probably in 1960; and the 
Air Force-developed Atlas-Able, expected to be 
phased out by NASA in 1961. 

The second and third categories—combinations 
under development or study—are expected to 
carry the main burden of scientific and military 
space missions through 1969. They, in turn, break 
down into two categories. 

The first is a family of vehicles using the Air 
Force Atlas and Thor, respectively, as first stages. 

The second includes the Saturn project of 
NASA, now in development, to create a million- 
pound-thrust, first-stage liquid-fueled engine clus- 
ter; and the NASA Nova project (still not firm) 
to create a first-stage liquid-fueled engine cluster 
with more than 6,000,000 pounds of thrust. 

For purposes of clarification, it is noted that 
the Atlas designation in the following listing re- 
- fers to the USAF Convair-built Atlas-D model 
ICBM, powered by three North American Rocket- 
dyne liquid-fueled engines (two boosters and one 
sustainer) developing some 360,000 pounds of 
thrust. The Thor designation refers to the USAF 
Douglas-built IRBM, powered by a single Rocket- 
dyne liquid-fueled engine developing some 150,- 
000 pounds of thrust. 

Also significant are such studies as the current 
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USAF Project 3059—looking toward million- 
pound-thrust solid-fueled systems—and numerous 
other studies of exotic propulsion methods such 
as nuclear, ionic, and photon propulsion—under 
study by NASA, the AEC, the military services, 
and in industrial laboratories. 


@ SATURN 

NASA program, under way at NASA, Hunts- 
ville Facility, Ala., under direction of former 
ABMaA team headed by Dr. Wernher von Braun, 
to develop superthrust multistage vehicle with a 
first-stage thrust of 1,500,000 pounds. First stage 
a cluster of eight H-1 North American Rocket- 
dyne liquid-fueled engines (modifications of those 
used in Thor and Jupiter IRBMs). Up to four 
additional stages contemplated, all fueled by liquid 
oxygen and liquid hydrogen. Total vehicle ex- 
pected to supply thrust surpassing present USSR 
capabilities. Test launches scheduled 1962. 


@ ATLAS-ABLE 

USAF-NASA four-stage vehicle with lunar 
mission capability, was used in unsuccessful 
Thanksgiving Day 1959 attempt to orbit moon. 
First stage, Atlas. Second, powered by Aerojet- 
General liquid-fueled engine. Third, powered by 
Allegany Ballistics Laboratory solid-fueled engine. 
Fourth, a solid-fueled retrorocket by Space Tech- 
nology Laboratories. Airframes by Convair. Prime 
contractor, STL. Thrust: Atlas first stage’s 360,- 
000 pounds, plus second-stage thrust of 7,500 
pounds, and third stage’s 2,500 pounds, totaling 
370,000 pounds. Expected to be phased out by 
NASA in 1961. 


@ ATLAS-AGENA-B 

USAF-NASA two-stage vehicle adaptable for 
both military and scientific purposes, including 
Air Force Midas and Samos polar-orbit satellite 
systems (see below). Combines first-stage Atlas 
with second-stage Agena-B, powered by Bell Air- 
craft “Hustler” liquid-fueled engine. Agena-B is: 
modified version of the Agena vehicle which, 
boosted by Thor, has been sent into orbit in 
USAF Discoverer program at Vandenberg AFB, 
Calif. First-stage airframe by Convair, second- 
stage airframe by Lockheed. Prime contractor, 
Lockheed. 


@ ATLAS-CENTAUR 

USAF-NASA program to develop two-stage 
general-purpose space vehicle. Combines _first- 
stage Atlas with projected Centaur second stage, 
engines to be powered by liquid oxygen and 
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Anticipated NASA Major Space Launching Schedule by Vehicle 


(as submitted to the House Committee on Science and Astronautics, 1960) 
































*Last two quarters only 





Fiscal Year 1960* 1961 ‘62 63 ‘64 ‘65 66 ‘67 ‘68 ‘69 Total 
Redstone 1 2 3 2 8 
Atlas 2 1 2 1 6 1 14 
Juno Il 1 1 5 
Thor-Able 2 2 
Atlas-Able 1 1 2 
Scout 4 6 6 6 6 6 6 6 6 56 
Thor-Delta 1 1 1 2 1 1 5 12 
Thor-Agena-B 1 6 6 6 6 6 6 6 43 
Atlas-Agena-B 1 3 4 5 6 3 

Atlas-Centaur 1 5 4 5 6 9 12 12 12 88 
Saturn 2 2 3 4 4 4 4 4 27 
Nova Type 1 2 3 
Total 12 29 28 23 25 28 28 28 29 30 260 





























liquid hydrogen under development by Pratt & 
Whitney. Airframes by prime contractor, Convair. 
Some 390,000 pounds of thrust, comprised of 
Atlas’ 360,000-pound thrust and second-stage’s 
30,000 pounds of thrust. 


e@ THOR-ABLE 

USAF-NASA four-stage vehicle used in space- 
probe attempts. First stage, Thor. Second stage, 
modification of old Vanguard, liquid-fueled by 
Aerojet-General. Third stage, solid-fueled by 
Allegany Ballistics Laboratory. Fourth stage, 
when applicable, solid-fueled retrorocket by 
Thiokol. Airframes by Douglas. Prime contractor, 
Space Technology Laboratories. First-stage thrust, 
150,000 pounds. Second stage, 7,500 pounds. 
Third stage, 2,500 pounds. Thor-Able was carrier 
for Pioneer II lunar probe and for Pioneer V sub- 
orbital deep-space probe. Will be used for NASA 
Tiros I meteorological satellite (see below). Ex- 
pected to be phased out by NASA by the end 
of 1960. 


e@ THOR-DELTA 

NASA configuration of Thor-Able with guid- 
ance in the second stage. Will be used for NASA 
Tiros II meteorological satellite (see below). 


@ THOR-AGENA-B 

USAF two-stage vehicle used in Discoverer 
program, expected to be used by NASA for 
NASA Project Nimbus polar-orbiting meteoro- 
logical satellite (see below). First stage Thor. 
Second stage, which contains payload and goes 
into orbit, powered by Bell “Hustler” liquid-fueled 
engine. First-stage airframe by Douglas. Second- 
stage airframe by Lockheed. Prime contractor, 
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Lockheed. First-stage thrust, 150,000 pounds. 
Second-stage provides some 15,000 pounds thrust. 


e Juno Il 

Army-developed four-stage vehicle used in 
space-probe attempts. First stage, a modified 
Jupiter IRBM. Second, third, and fourth stages, 
modified Army Sergeant solid-fueled rockets. Air- 
frame by Chrysler. First-stage propulsion by 
Rocketdyne. Upper-stage propulsion by Thiokol. 
Used for Pioneer II lunar-probe attempt, Pioneer 
IV solar satellite. Expected to be phased out by 
NASA in 1961. 


@ SCOUT 

NASA four-stage “economy” all: solid-fueled 
vehicle with basic mission of placing 150-pound 
payload in 300-mile orbit. First stage by Aerojet- 
General; second by Thiokol; third and fourth by 
Allegany Ballistics Laboratory. First-stage thrust, 
some 100,000 pounds. 


e@ LITTLE JOE 

NASA solid-fueled vehicle, using eight solid- 
fueled modified Army-developed Sergeant rockets, 
fired sequentially. Used for testing Mercury cap- 
sule. Airframe by North American. Propulsion 
by Thiokol. Combined thrust, some 370,000 
pounds. 


e@ Nova 

NASA program for superthrust multistage ve- 
hicle (up to five stages) with first-stage thrust 
exceeding 6,000,000 pounds. First stage, a cluster 
of Rocketdyne F-1 liquid-fueled engines. Second 
stage, a single F-1 liquid-fueled engine. Third and 
fourth stages (configuration and contractors un- 
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THE LOCKHEED JETSTAR 
FLIES AS FAST AND AS RELIABLY 
AS THE BIG JETLINERS 

—DOUBLES AS 
A TRANSPORT/TRAINER 





















AND PRATT & WHITNEY 
AIRCRAFT JET ENGINES 
HELP MAKE IT ALL POSSIBLE 


As a transport, the new Lockheed JetStar 
is jet-fast, comfortable and reliable. ° 

has intercontinental capabilities yet can 
land at smaller airports. Because its op- 


erational environment is compatible with , 


combat-type jet aircraft, the JetStar can 
be applied to many training and utility 
missions as well. Four Pratt & Whitney 
Aircraft JT12 engines power the JetStar. 
Each weighs only 436 pounds but devel- 
ops 3,000 pounds thrust—one of the 
most efficient power plants ever devel- 
oped. Its simple, rugged design means 
high operational reliability and easy 
maintenance. Furthermore, the JT12 is 
backed up by Pratt & Whitney Aircraft’s 
world-wide service. 


PRATT & WHITNEY AIRCRAFT 


East Hartford, Connecticut 
A DIVISION OF UNITED AIRCRAFT CORPORATION 
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ON TARGET.,.ON 


BOEING BOMAR 
WNUIG SIL pele 


', Limited; Sarnia, Ontario; Toronto, Ontario; 






TIME...ON BUDGET 


Designed to protect large areas against enemy bomb- 
ers and missiles, the supersonic Boeing Bomarc air- 
defense missile is ready for operational service. In- 
stallation and check out of ground handling and 
ground support equipment at Otis Air Force Base is 
being performed by Catalytic, Engineers and Con- 
structors. When specifications are rigid —or the need 
urgent —or when budgets are an important factor 
—consult 


CATALYTIC 


CONSTRUCTION COMPANY 


Philadelphia 2, Pennsylvania 

New York, New York 

Baton Rouge, Louisiana 

Toledo, Ohio 

In Canada: Catalytic ConstructionofCanada, 





Montreal, Quebec; Vancouver, B. C 


Catalytic On-Time...On-Budget Services 
for the metallurgical, chemical, petrochemi- 
cal and oil refining ‘industries: Project Analy- 
sis; Process Development; Process Design; 
Economic Studies; Engineering; Procure- 
ment; Construction. 











certain at this writing) expected to be fueled by 
liquid oxygen and liquid hydrogen. Fifth stage, if 
used, would probably be fueled by storable liquid. 


e@ ProJect 3059 
USAF studies of million-pound-thrust solid- 
fueled systems now under way. 


e@ ROVER 

Atomic Energy Commission-NASA project to 
develop nuclear rocket system, with AEC pro- 
viding nuclear reactor and NASA the nonnuclear 
components and liquid-hydrogen propellant. 


Specific Mission Space Projects 


Following is a listing of current civilian and 
military projects geared to specific missions or in 
feasibility study stages. Under present rulings, all 
responsibility for development and launchings of 
boosters for military space projects is assigned to 
the Air Force, specifically the Air Force Ballistic 
Missile Division. Payload development may rest 
with any interested service. Nonmilitary space 
projects are the responsibility of the National 
Aeronautics and Space Administration, with large- 
scale launchings (beyond the research-rocket 
category) usually handled by the Air Force Bal- 
listic Missile Division. A number of space and 
space-oriented projects are sponsored also by the 
Advanced Research Projects Agency of the De- 
partment of Defense, with the military services 
and industry contributing, with the expectation 
that the project will be turned over to the using 
service as it enters advanced developmental stage. 


SCIENTIFIC PROJECTS 

@ PIONEER 

Over-all project name for series of space-probe 
missions under direction of NASA, including 
lunar and deep-space probes, latest of which is 
Pioneer V, launched March 11, 1960, into a solar 
orbit between earth and Venus, and carrying a 
94.8-pound “paddlewheel” satellite designed to 
obtain data on radiation, magnetism, and micro- 
meteorites, and extremely long-distance radio 
’ communications. Pioneer series began in 1958. 
Launchings have been by the Army and Air 
Force for NASA, have employed Army-developed 
Jupiter-C and follow-on Juno II vehicle in Army 
firings, and Thor-Able vehicle in Air Force firings, 
including Pioneer V, and Atlas-Able. Launches 
from Air Force Missile Test Center, Cape Canav- 
eral. Space vehicles involving polar orbits are ex- 
pected to be launched from Vandenberg AFB. 
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Pioneer V—94 pounds in solar orbit 


e EcHo 

NASA passive communications satellite project 
to place 100-foot inflatable plastic sphere in esti- 
mated 1,000-mile orbit for reflection of radio 
signals. Langley NASA Research Center directs 
program. Launch vehicle: Thor-Delta. Test 
launches expected in 1960. Preliminary balloon 
launches to 250-mile altitudes already achieved 
to test inflation techniques. 


e Tiros I 

NASA meteorological satellite. project using 
two television cameras to photograph cloud 
covers of the earth from an orbit inclined to the 
equator by some fifty degrees, some 440 miles 
out. Launch vehicle, Thor-Able. Payload, 270 
pounds. Transmitting lifetime, ninety days. Pay- 
load development managed by Army Signal Corps, 
with Radio Corp. of America. Expected launch 
in 1960. 


e Tiros Il 

NASA follow-on program to Tiros I, using 
infrared scanning and nonscanning devices to 
obtain meteorological data, also from equatorial 
orbit. Launch expected in 1960, using Thor- 
Delta vehicle. 


e@ NIMBUS 

NASA follow-on to Tiros I and II. Meteoro- 
logical satellite to be fired into 690-mile polar 
orbit, using Thor-Agena-B vehicle. Payload, 650 
pounds, containing both television cameras and 
scanning and nonscanning infrared devices. Sta- 
bilized always to face the earth. Useful lifetime, 
six months. Possible launch, 1961 or 1962 from 
Vandenberg AFB, Calif. 


@ NERV 
NASA program to launch recoverable probes 
to altitudes of at least 1,800 miles to obtain 
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further measurements of Van Allen radiation, 
using radiation-sensitive emulsion materials. Gen- 
eral Electric developing payload; launchings, pos- 
sibly in 1960, expected from Vandenberg AFB, 
using Argo D-4 rocket as booster. 


% 


Agena on the test stand 


MILITARY PROJECTS 


@ DISCOVERER 

USAF series of polar-orbital launchings by 
Ballistic Missile Division from Vandenberg AFB, 
Calif., to gather data on vehicle attitude-stabili- 
zation, environmental information for biomedical 
studies, and payload recoverability. Vehicles used: 
first stage, Thor; second stage, Agena, which in 
entirety goes into orbit, developed by Lockheed, 
powered by Bell “Hustler” liquid-fueled engine. 
Six out of ten launchings to date have attained 
orbit. Data fed into Midas and Samos programs 
(see below) and NASA Project Mercury man-in- 
space program. Lockheed, prime contractor. 


@ Mipas 

Missile Defense Alarm System—-USAF pro- 
gram to place series of satellites in polar orbit to 
detect aggressive missile launches by use of infra- 
red sensing devices. First stage, Atlas; second 
stage, Agena, modified to contain specific pay- 
load. One test launch from Air Force Missile Test 
Center, Cape Canaveral, Fla., has failed (Febru- 
ary 1960). Additional launches expected this year. 
Lockheed, prime contractor. 


e SAMOS 
Formerly known as Sentry—USAF program to 
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place reconnaissance satellite system in polar orbit. 
First stage, probably Atlas; second, probably 
Agena (see above). Lockheed, prime contractor. 
Test launches possible in 1960. 


@ TRANSIT 

Navy program to develop navigational satellite, 
employing Doppler principle. First test launch 
failed in 1960. Thor-Able used as booster. Johns 
Hopkins Applied Physics Laboratory developing 
payload. 


e@ Notus 

ARPA programs to develop a family of com- 
munications satellite systems: 

First phase, called Courier, is a delayed re- 
peater communications satellite payload develop- 
ment under Army Signal Corps direction, with 
Philco developing communications package; In- 
ternational Telephone and Telegraph developing 
ground-based communications stations systems; 
Radiation, Inc., developing ground-based antenna 
system. 

Another phase called Steer, is a polar-orbiting 
instantaneous two-way repeater satellite system. 
General Electric and Bendix are contractors. 

Advanced phase of Notus is called Decree, an 
ARPA study of placing a communications satel- 
lite system in 22,300-mile-out orbits, with instan- 
taneous relay capability. 


e@ PoONTUS 
ARPA advanced-material studies. 


@ DEFENDER 
ARPA antimissile studies. 


e@ SHEPHERD 

ARPA managed systems for detection and 
cataloguing of all orbiting vehicles. System in- 
cludes Air Force’s Space Surveillance and Con- 
trol Center, Navy’s Spasur, Army’s Doploc. 


@ PRINCIPIA 
ARPA solid-fuel studies. 


@ ORION 

Former ARPA study, expected to be trans- 
ferred to Air Force, of space platform or vehicle 
maneuverable by controlled nuclear explosions. 
General Atomics, prime contractor. 


e Yo Yo 
Navy study of vehicle to make orbital pass for 
quick reconnaissance. —WILLIAM LEAVITT 
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When a mighty “Thor” soars from Vandenberg 
Air Force Base, equipment designed and built 
by Packard Bell checks it out, launches it 


and predicts its point of impact. 


ENGINEERING BEYOND THE EXPECTED 
The Missile Impact Predictor is one-eighth the size and 
was built at one-tenth the cost of previous systems. 
Ground support equipment matches the reliability built 
into the “Thor.” All combine to guarantee an effective 
weapon for retaliation or 


space exploration. PACKARD BELL ELECTRONICS 


destination known. 
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at air space 


Tomorrow’s manned interceptor aircraft= 
and even faster ones of the future - require 
radar navigation, target acquisition, arma- 
ment control and electronic counter-meas- 
ures systems of vastly greater scope and 
dimension than ever before. 


To fulfill this critical requirement Hughes has devel- 
oped a new advanced radar system which embodies 
many significant state-of-the-art advances. One of 
the most significant is a unique and highly advanced 
Traveling Wave Tube developed in the Hughes Labo- 
ratories. This tube’s two outstanding advantages: 
1) higher power to provide greater range; 2) broad- 
er frequency band width for operational flexibility. 


In addition, this new Hughes radar system will 
discriminate against ground return and will detect 
targets at extreme ranges. Designed to operate in a 
“hard” counter-measures environment, the system is 
radar augmented by infrared detection and tracking. 





Heart of the new Hughes radar system is this Traveling 
Wave Tube which provides greater power and a broader 
band width, 


One of the vital “innards” of the new Hughes system is 
this miniaturized (1.3 cu. ft.) Hughes memory drum 
which can store over 1 million bits of information. 





This radar system is the latest of a series of pace- 
setting Hughes systems. The Hughes E-1 was the 
first all-weather interceptor radar system ever devel- 
oped. The Hughes E-4 system first made possible the 
rocket lead-collision attack. The Hughes E-9 and 
MG series systems were first to automatically stage 
and fire advanced air-to-air guided missiles, And the 
Hughes MA-1 system first provided complete control 
of aircraft from take-off to touch down. 


Although over 16,000 all-weather interceptor systems 
have been produced to date. Hughes’ radar experi- 
ence is not limited to interceptor systems. For the 
Army and Navy, Hughes is producing surface-based 
3-dimensional radar systems which utilize electronic, 
rather than mechanical scanning methods. And the 
Hughes TARAN system utilizes a high-resolution 
radar which makes it possible for pilots to fly tacti- 
cal missions at low altitudes, in any kind of weather! 


Foreseeing the needs of the future —and being the 
first to provide for them —is a deeply ingrained tra- 
dition at Hughes. Perhaps we can help you solve 
some of your radar system problems. Please write: 
Hughes Advanced Program Development, Marketing 
Department, Hughes Airborne Systems, Culver 
City, California. 


Creating a new world with ELECTRONICS 


' HUGHES |; 


©1960, Hughes Aircraft Company 

HUGHES AIRCRAFT COMPANY 

Culver City, El Segundo, Fullerton, Newport Beach, 
Malibu, Oceanside, Los Angeles, Calif.; Tucson, Ariz. 
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Air Force 


ATLAS SM-65 ie 

Type—SAC intercontinental ballistic missile (ICBM); prime 
contractor—Convair; maximum speed—Mach 20; ceiling—600 
to 900 mi. at peak trajectory; range—over 6,000 nautical mi.; 
length—82 ft. 6 in.; diameter—10 ft. for tank section, 16 ft. at 
base; weight—over 260,000 lb.; power system—liquid rocket 
engines, two boosters each 150,000-lb. thrust, one sustainer 
60,000-Ib. thrust, and two vernier engines; guidance—radio- 
inertial or all-inertial; warhead—nuclear; status—operational at 
Vandenberg AFB; 13 squadrons to be at 11 bases (see map, 
page 135), each squadron equipped with 10 missiles; bases to 
be hardened; other contractors—airframe, Convair; powerplant, 
North American Rocketdyne; guidance, (radio-inertial) General 
Electric and Burroughs, (all-inertial) Arma; systems engineering, 
Space Technology Laboratories; nose cone, General Electric. 


TITAN SM-68 | 
Type—SAC two-stage ICBM; prime contractor—Martin Co.; 
maximum speed—Mach 15 to 20; range—over 6,000 nautical 
mi.; length—about 92 ft., first stage 52 ft.; diameter—first stage, 
10 ft., second stage, 8 ft.; weight—222,000 lb.; power system— 
liquid rockets in both stages; first stage, 300,000-Ib. thrust, 
second stage, 80,000-lb. thrust; guidance—radio-inertial or all- 
inertial; warhead—nuclear; status—testing, expected to be oper- 
ational in 1961, will be launched from underground silos or 
hardened sites, 5 sites announced (see map, page 135), plans 
call for 14 squadrons, each with 10 missiles; other contractors 
—airframe, Martin; powerplant, Aerojet-General; nose cone, 
Avco; guidance, Bell Telephone Laboratories, Arma, Sperry 
Rand; systems engineering, Space Technology Laboratories. 
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THOR SM-75 

Type—SAC intermediate-range ballistic missile (IRBM); 
prime contractor—Douglas Aircraft Co.; maximum speed- 
Mach 10 to 15; ceiling—several. hundred mi.; range—1,500 
nautical mi.; length—65 ft.; diameter—8 ft.; weight—110,000 
Ib.; power system—single-stage liquid rocket engine, 150,000-hb. 
thrust, and two verniers; guidance—all-inertial; warhead—nv 
clear; status—operational, deployed to United Kingdom, wil 
also go to Turkey; other contractors—airframe, Douglas; pow. 
erplant, North American Rocketdyne; guidance, AC Spark 
Plug; nose cone, General Electric; systems engineering, Space 
Technology Laboratories. 


JUPITER SM-78 
See listing in Army section, below. 


SNARK SM-62 

Type—SAC air-breathing intercontinental cruise missile; 
prime contractor—Norair Division of Northrop Corp.; cruise 
speed—600 mph; ceiling—above 60,000 ft.; range—at 60,000 ft, 
6,300 nautical mi.; at sea level, 2,000 mi.; length—67 ft 
11 in.; span—42 ft.; diameter—about 5 ft.; weight—59,936 |b. 
with 2 boosters; power system—J57-P-17 turbojet for cruise; 
two solid-propellant booster rockets; guidance—self-containet, 
stellar-monitored inertial guidance; warhead—nuclear; status- 
operational, deployed at Presque Isle AFB, Me.; other contractor 
—airframe, Northrop; powerplant, Pratt & Whitney, Allegany 
Ballistics Laboratory; guidance, Northrop. 


MINUTEMAN XSM-80 
Type—SAC solid-propellant ICBM; prime contractor—Boeing 
Airplane Co.; maximum speed—Mach 20; design range—6,500 
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nautical mi.; length—55 ft.; diameter—7 ft.; weight—80,000 Ib., 
smaller, lighter than Atlas and Titan; power system—three-stage 
solid-propellant rocket engines; guidance—all-inertial; warhead 
—nuclear; status—in development, currently undergoing teth- 
ered tests, expected to be operational in 1962 or 1963; Minute- 
man, with comparatively small size and ease of handling, will 
lend itself to mobile dispersal and hardened underground sites; 
other contractors—guidance, North American Autonetics; first- 
stage propulsion, Thiokol; second- and third-stage propulsion, 
Aerojet-General; propellant, Hercules Powder Co.; nose cone, 
Avco; missile transporters, Beech; assembly and test, Boeing; 
systems engineering, Space Technology Laboratories. 


SKY BOLT GAM-87A 

Type—SAC air-launched ballistic missile (ALBM); prime con- 
tractor—Douglas Aircraft Co.; speed—hypersonic; range—about 
1,000 mi. after launching from bombers, at present probably 
B-52s or B-58s; power system—two-stage, solid-propellant; war- 
head—nuclear; status—developmental; other contractors—air- 
frame, Douglas; propulsion, Aerojet-General; nose cone, Gen- 
eral Electric; guidance, Nortronics Division of Northrop, 
General Electric, Boeing. 

(Prior to USAF announcement of Sky Bolt program, Lock- 
heed, Convair, Martin, and McDonnell also were proceeding 
with ALBM design programs. The Lockheed-Martin program 
was known as Bold Orion. The McDonnell program was called 
Alpha Draco.) 


HOUND DOG GAM-77 

Type—SAC air-breathing air-to-ground guided stand-off mis- 
sile; prime contractor—North American Aviation; speed—Mach 
1.6 to 2.2; range—over 500 mi.; altitude .capability—over 50,000 
ft.; length—42 ft. 6 in.; diameter—28 in.; power system—J52 
turbojet; guidance—inertial; warhead—nuclear; status—opera- 
tional, launched from B-52G and H aircraft; other contractors— 
airframe, North American; powerplant, Pratt & Whitney; guid- 
ance, North American Autonetics. 


MATADOR’ TM-61 

Type—TAC air-breathing surface-to-surface guided missile; 
prime contractor—Martin Co.; speed—about 650 mph; ceiling— 
over 35,000 ft.; range—latest version, over 500 mi.; length— 
89 ft. 6 in.; span—28 ft. 7 in.; diameter—4 ft. 6 in.; weight— 
about 10,000 Ib.; power system—J33-A-37 turbojet, with Aero- 
jet-General solid-propellant booster for launching; guidance— 
radar-command; warhead—nuclear or conventional; status— 
operational, deployed throughout the world and being turned 
over to West German forces; other contractors—airframe, Mar- 
tin; powerplant, Allison, Aerojet-General; guidance, Martin. 


MACE TM-76 (A and B) 

Type—TAC air-breathing surface-to-surface guided missile 
(improved version of Matador); prime contractor—Martin Co.; 
speed—650-plus mph; operating altitude—1,000 to 40,000 ft.; 
range—A model over 650 mi., B model 1,000 mi.; length 
—44 ft.; span—22 ft. 11 in.; diameter—4 ft. 6 in.; weight— 
about 14,000 lb.; power system—J33-A-41 turbojet with Thiokol 
solid-propellant booster for launching; guidance—ATRAN map- 
matching in A model, inertial in B; warhead—conventional or 
nuclear; status—A model operational, replacing Matador, being 
deployed to West Germany; B is developmental; other con- 
tractors—airframe, Martin; powerplant, Allison, Thiokol; guid- 
ance, Goodyear, AC Spark Plug; transport vehicles, Goodyear, 
Ford Motor, 


BULLPUP GAM-83A 
See listing in Navy section, below. 


BOMARC IM-99 (A and Super Bomarc, B) 

Type—ADC ramjet surface-to-air interceptor missile; prime 
contractor—Boeing Airplane Co.; speed—A, Mach 2.8; B, up 
to Mach 4; ceiling—A, 68,000 ft., B, up to 100,000 ft.; range— 
A, 200 mi., B, over 400 mi.; length—47 ft. 4 in.; span—18 ft. 
2 in.; diameter—35 in.; weight—about 15,000 Ib.; power system 
~—A, launched by Aerojet-General liquid rocket with two 
Marquardt RJ43-MA-3 ramjets for cruise; B, launched by 
Thiokol solid rocket with two advanced Marquardt RJ438-MA-9 
ramjets for cruise; guidance—radar-command, linked to SAGE 
air-defense system during midcourse; homing system in missile 
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TITAN THOR 











SNARK 





as terminal guidance system; warhead—nuclear or conventional; 
status—A, first squadron operational at McGuire AFB, N. J., 18 
other sites programmed; B, developmental; other contractors— 
airframe, Boeing; powerplant, Marquardt, Aerojet-General, 
Thiokol; guidance, Westinghouse. 


FALCON GAR-1, -1D, -2, -2A 

Type—ADC, TAC air-to-air guided missile; prime contractor— 
Hughes Aircraft Co.; speed—above Mach 2; range—five mi.; 
length—6 ft. 6 in.; span—1 ft. 8 in.; diameter—6.5 in.; weight— 
GAR-1D, 110 Ib., GAR-2A, 122 lb.; power system—solid-pro- 
pellant; guidance—GAR-1 and -1D, radar-homing, GAR-2 and 
-2A, infrared-homing; fired from aircraft electronically in each 
instance; warhead—conventional; status—operational, carried 

(Continued on following page) 
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by F-89, F-101, F-102, F-106, and other aircraft; other con- 
tractors—airframe, Hughes; powerplant, Thiokol; guidance, 
Hughes. 


SUPER FALCON GAR-3, -4, -9, -1l 

ADC, TAC GAR-3 Super Falcon was developed from the 
earlier Hughes Falcon air-to-air missile; has new Thiokol solid- 
propellant motor, modified nose cone, greater length; guidance 
—radar-homing; status—currently operational; in research and 
development, based on Super Falcon, are GAR-4 with infrared- 
homing, GAR-9 with nuclear warhead, and GAR-11. 


GENIE MB-1 (Known variously during development as Ding- 

Dong, Bird Dog, and High Card) 

Type—ADC air-to-air unguided interceptor rocket; prime 
contractor—Douglas Aircraft Co.; speed—supersonic; range— 
1.5 mi.; length—8 ft.; diameter—1 ft. 3 in.; power system—solid- 
propellant; guidance—none; warhead—nuclear, about 1.5 kilo- 
tons; status—operational, carried by F-89J, F-101, F-102, 
F-106; training version in production under name Ting-a-Ling; 
under development is a more advanced model with built-in 
guidance, greater thrust and range; other contractors—airframe, 
Douglas; powerplant, Aerojet-General; fire control, Hughes. 


SIDEWINDER GAR-8 





See listing in Navy section, below. 


QUAIL GAM-72 

Type—SAC air-launched diversionary bomber-defense mis- 
sile; prime contractor—McDonnell Aircraft Co.; speed—sub- 
sonic; range—200 mi.; length—12 ft. 10 in.; tail span—5 ft. 4 in; 
diameter—2 ft. 1 in.; power system—J85 turbojet; weight- 
1,100 Ib.; warhead—none; status—has been successfully flight 
tested from B-47s and B-52s; other contractors—airframe, Me- 
Donnell; propulsion, General Electric; guidance, McDonnell, 
Summers Gyroscope; countermeasures gear, Thompson Ramo 
Wooldridge Inc. 


LONGBOW WS-121-B 

Type—air-launched missile, believed designed for antiradar 
mission; prime contractor—Radioplane Division of Northrop 
Corp.; speed—supersonic; guidance—designed to home on enemy 
sites as defense measure for incoming US bombers; status—in de- 
velopment; no details known. Longbow has supplanted Cross- 
bow, GAM-67, as a developmental antiradar missile. These 
details were known on Crossbow, a less advanced vehicle in 
the testing stage of its development by Northrop’s Radioplane 
Division at the time it was terminated: speed—subsonic; range 
—about 200 mi.; weight—2,000 lb.; power system—turbojet; 
guidance—radar-homing; other contractors—test instrumenta- 
tion, Bendix-Pacific. 


WAGTAIL 

Type—air-to-surface tactical-support missile; prime contractor 
—Minneapolis-Honeywell Regulator Co.; power system—solid- 
propellant; guidance—understood highly sophisticated gyro- 
reference able to elude obstacles en route to target; no details 
known; status—developmental, reported to be aimed at low- 
altitude launch and low velocity; other contractors—airframe 
and guidance, Minneapolis-Honeywell; propulsion, Thiokol. 


SLAM (Supersonic Low-Altitude Missile) 

Type—nuclear-powered, low-altitude intercontinental missile; 
prime contractor—Chance Vought Aircraft Co.; speed—super- 
sonic; range—over 6,000 mi.; power system—nuclear ram- 
jet being developed under study program designated Pluto by 
AEC’s Lawrence Radiation’ Laboratory, North American's 
Atomics International Division, and Marquardt; guidance- 
command or inertial; warhead—nuclear; status—in development; 
design studies under way by North American and Convair (in 
the study phase at the same time is a closely related project, 
Clam, a chemical ramjet missile with roughly the same design 
concept). 


Additional USAF missiles canceled in the recent past: 
Goose (SM-73), a diversionary missile under development 
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by Faircrild Engine & Airplane Corp.; was to be ground 
launched and powered by turbojet; cancellation announced 
December 12, 1958. 

Rascal (GAM-63), supersonic, air-to-ground, rocket-powered 
guided missile developed and manufactured by Bell Aircraft 
Co. Had nuclear capability, range of 75 mi.; overtaken by 
rapid technological developments in air-launched missile field; 
canceled September 9, 1958. 

Navaho (SM-64), long-range surface-to-surface missile devel- 
oped by North American Aviation; air-breathing, rocket- 
launched, comparatively large payload; cancellation came in 
June 1957, but information gained during the decade of devel- 
opment of the Navaho has been used in later missiles. 


Army 


JUPITER SM-78 

Type—SAC IRBM; prime contractor—Chrysler Corp., de- 
signed by Army Ballistic Missile Agency; now under opera- 
tional control of US Air Force; maximum speed—Mach 15; 
range—over 1,500 nautical mi.; maximum height of trajectory 
—300 mi.; length—60 ft. 4 in.; diameter—9 ft.; weight—110,000 
lb.; power system—liquid-propellant, single-stage, 150,000-lb. 
thrust; guidance—all-inertial; warhead—nuclear; status—opera- 
tional, to be deployed in Italy and Turkey, 15 missiles per 
squadron; other contractors—airframe, Chrysler; powerplant, 
North American Rocketdyne; nose cone, Goodyear; guidance, 
Ford Instrument. 


PERSHING 

Type—two-stage surface-to-surface ballistic missile; prime 
contractor—Martin Co.; speed—6,800 mph; range—up to 700 mi.; 
length—about 50 ft.; diameter—over 2 ft.; power system—solid 
propellant; guidance—inertial, with built-in “selectivity” fea- 
ture; warhead—nuclear; status—in development, tactical testing 
expected in late 1960; other contractors—airframe, Martin; 
powerplant, Thiokol; guidance, Bendix; warhead fuzing and 
arming, Bulova. 


REDSTONE SSM-A-14 

Type—surface-to-surface, basically improved V-2 missile; 
prime contractor—Chrysler Corp., designed by Army Ballistic 
Missile Agency; maximum speed—Mach 5; range—200 mi.; 
length—69 ft. 4 in.; diameter—70 in.; span of fins—12 ft. 9 in.; 
weight—61,000 lb.; power system—liquid-propellant, 78,000-lb. 
thrust; guidance—self-contained all-inertial; warhead—nuclear 
or conventional; status—operational, deployed in Europe; other 
contractors—airframe, Chrysler; powerplant, North American 
Rocketdyne; guidance, Ford Instrument. 


CORPORAL SSM-A-17 

Type—surface-to-surface, short-range guided bombardment 
weapon; prime contractor—Firestone Tire and Rubber Co., 
Gilfillan Bros.; maximum speed—Mach 3; range—75 to 100 mi.; 
length—46 ft.; diameter—30 in.; weight—12,000 Ib.; power sys- 
tem—liquid-propellant; guidance—preset and radio command; 
warhead—nuclear or conventional; status—operational, deployed 
abroad with US Army, also used by British Army; other con- 
tractors—airframe, Firestone; powerplant, Ryan; guidance, 
Gilfillan; warhead arming and fuzing, General Electric. 


SERGEANT SSM-A-27 

Type—medium-range, surface-to-surface ballistic missile; 
prime contractor—Sperry Utah Engineering Lab and Jet Pro- 
pulsion Laboratory; speed—2,300 mph; range—over 100 miles; 
length—34 ft.; diameter—31 in.; span—7 ft. 8 in.; weight— 
11,000 Ib.; power system—solid-propellant, 50,000-lb. thrust; 
guidance—inertial; warhead—nuclear or conventional; status— 
in production, replacement for earlier Corporal missile, going 
to West German forces; other contractors—airframe, Sperry; 
powerplant, Thiokol; guidance, Sperry, Minneapolis-Honey- 
well. 


LITTLE JOHN XM-51 
Type—surface-to-surface tactical rocket; prime contractor— 
(Continued on page 117) 
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AERONCA designs and produces 


precision antenna systems for advanced 
radar complexes 


Featuring new concepts in design and construction, Aeronca para- 
boloid antennas set new standards in precision . . . regardless of 
size. The principles and accuracy inherent in the 60-foot X-Band 
dish illustrated above are adaptable to antenna designs of virtually 
any size or shape. 


Aeronca antennas are lightweight high-strength rigid structures of 
honeycomb sandwich construction. Developed by integrated design- 
tool-produce capabilities, they are fabricated by advanced tech- 
niques that substantially reduce tooling requirements . . . simplify 
unit design . . . assure low-cost producibility. In addition, Aeronca 
antennas permit lighter support structures and mechanisms because 
they weigh 40% to 60% less than conventional designs. 

Whatever your antenna problems, Aeronca can 

supply ‘“‘packaged’’ capabilities to meet your 


requirements and specifications. For details, 
write for BULLETIN AR-201. 


. ae Rel > manufacturing corporation 


1720 Germantown Road 
Middletown, Ohio 


Openings for creative R&D Engineers with Missile-Space experience. Write to O. E. 
Chandler, Mgr. Professional Employment. 


Prying saucer! 








IN DIAMETERS UP TO 300’, 
Aeronca antennas provide unpar- 
alleled accuracy at frequencies of 
X-Band and higher. 


APS-94 ANTENNA SYSTEM in- 
cluded complete design of antenna 
for airborne side-looking radar. 


B-58 BOM-NAV SYSTEM reflectors 
feature curvature tolerances of 
+.005”. 













GOOSE 


Emerson Electric Co.; speed—supersonic; range—10 mi.; length 
—14 ft. 6 in.; diameter—12.5 in.; weight—980 lb.; power sys- 
tem—solid-propellant; guidance—none; warhead—nuclear or 
conventional; status—operational, in training units; other con- 
tractors—airframe, Emerson Electric; powerplant, Allegany Bal- 
listics; warhead arming and fuzing, General Electric; Consoli- 
dated Western Steel, Minneapolis-Honeywell. 


HONEST JOHN M-31AI1C XM-50 (Advanced) 

Type—surface-to-surface, unguided field artillery rocket for 
1,500-Ib. warhead; prime contractor—Douglas Aircraft Co., 
Emerson Electric Co.; speed—Mach 1.5; range—15.8 mi.; length 
-27 ft. 3 in.; diameter—30 in.; weight—5,800 lb.; power system 
-solid-propellant; guidance—none; warhead—nuclear or conven- 
tional; status—initial version operational, deployed in Europe 
and Japan, supplied to NATO forces; advanced version in pro- 
duction; other contractors—airframe, Emerson Electric and 
Douglas; powerplant, Allegany Ballistics. 















LACROSSE SSM-A-12 

Type—surface-to-surface, close-support missile; prime con- 
tractor—Martin Co.; speed—transonic; range—20 mi.; length— 
19 ft. 2.5 in.; span—9 ft.; diameter—20.5 in.; weight—3,500 Ib.; 
power system—solid-propellant; guidance—radar-command; war- 
head—nuclear or conventional; status—operational; other contrac- 
tors—development, Cornell Aeronautical Laboratories; airframe, 
Martin; powerplant, Stewart Warner, Thiokol; guidance, Federal 
Telecommunications Laboratories, Martin; warhead, Minnea- 
polis-Honeywell; fuzing, General Electric. 























MISSILE A 
Type—surface-to-surface; prime contractor—Army Rocket and 
Guided Missile Agency; range—65 to 70 mi.; power system— 
. solid-propellant; warhead—expected to have nuclear capability; 
status—in development. 


NIKE-AJAX SAM-A-7 . 

Type—surface-to-air guided weapon; prime contractor—West- 
em Electric Co.; maximum speed—Mach 2.3; range—25 mi.; 
ceiling—60,000 ft.; length—34 ft. 10 in.; without booster 21 ft.; 
“ span—52 in.; diameter—12 in.; weight—2,300 lb.; power system 
i —liquid-sustainer, solid-propellant booster; guidance—radar- 
command; warhead—conventional; status—operational, was first 
US surface-to-air missile deployed in US and overseas; other 
q contractors—airframe, Douglas; powerplant, Bell, Hercules, 
Goodyear; guidance, Bell; warhead fuzing, Elgin. 





NIKE-HERCULES SAM-A-25 (Formerly known as NIKE-B) 

Type—surface-to-air guided weapon; prime contractor—West- 
ern Electric Co.; maximum speed—Mach 3.3; range—75 to 100 
mi.; ceiling—over 100,000 ft.; length—with booster, 41 ft., with- 
- out, 27 ft.; span—74 in.; diameter—31.5 in.; weight—missile and 
booster, 10,000 lb.; power system—solid-propellant sustainer 
and booster; guidance—radar-command; warhead—nuclear or 
conventional; status—operational, superseding Nike-Ajax in pro- 
duction, deployed overseas; other contractors—airframe, Doug- 
las; powerplant, Thiokol, Hercules; guidance, Bell; warhead, 
General Electric and W. C. Maxson. 





om NIKE-ZEUS 
Type—automated antimissile missile system; prime contractor 
(Continued on following page) 
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—Western Electric Co.; maximum speed—about Mach 7; range 
about 200 mi.; power system—solid-propellant booster and suf 
tainer; guidance—radar-command (also reported to include ele¢ 
tro-acoustical detection system); warhead—nuclear; status 
development; other contractors—airframe, Douglas; researd 
and development, Bell; propulsion, Thiokol, Grand Central 
guidance, Bell, Sanders Associates. 7 


HAWK SAM-A-18 

Type—surface-to-air, for use against low-flying airplanes; primey 
contractor—Raytheon Co.; speed—Mach 2.8; range—22 mix 
ceiling—less than 100 ft. to over 38,000 ft.; length—16 ft. 4 in; 
span—4 ft.; diameter—14 in.; weight—1,275 lb.; power system— 
two stage solid-propellant; guidance—radar-homing; warhead— 
conventional; status—operational, slated for overseas deployment - 
by Army, Marine Corps, to be supplied to allies; other contra 
tors—airframe, Northrop, Raytheon; powerplant, Aerojet-Ge 
eral, Thiokol; guidance, Raytheon. 


LOBBER j 
Type—solid-propellant ballistic missile able to deliver supplicg, 
equipment, food, and ammunition to front-line troops, can als@y 
be adapted to carry napalm, nuclear or conventional warheads; 
prime contractor—Convair; cruise speed—1,500 mph; range—15) 
to 20 mi.; length—9 ft.; power system—solid-propellant; payload 
—over 50 lb.; recovery—assisted by use of parachute, shoc 
absorbing nose cone to prevent damage to cargo (about 70 pe 
cent of most missiles can be recovered and used again); status 
in development, more advanced models also being studied. ~ 


SS-10, SS-11 a 

Type—antitank guided missiles for firing from ground launcher, 
vehicle, helicopter, or airplane; prime contractor—Nord Avias 
tion, Paris, France; range—1,600 to 3,800 yd.; weight—SS-10,) 
83 Ib., SS-11, 63 lb.; power system—solid-propellant; guidance 
wire guided; warhead—conventional; status—SS-10, operationa 
with NATO, US troops; SS-11, operational, undergoing U§ 
Army evaluation. 


SHILLELAGH . 
Type—lightweight surface-to-surface close-support missile, fa 
vehicle-mounted use against armor, troops, fortifications; prim: 
contractor—Ford Aeronutronics Co.; weight—about 40 lb.; calie) 
ber—90 mm.; guidance—fired from guide tube, guided to target” 
by microwave beam; status—in development; other contractors=" 
electronic system, Raytheon. : 


REDEYE : 
Type—surface-to-air shoulder-fired bazooka-type rocket weap=™ 
on for use by combat troops against low-flying aircraft; prime” 
contractor—Convair; altitude and range—commensurate with) 
Army and Marine Corps field requirements; length—4 ft. 3 inj 
diameter—4 in.; weight—20 lb.; power system—solid-propellant;® 
guidance—electronic, reported to be of infrared-homing type 
warhead—conventional; status—in development; other contra 
tors—guidance, Philco, Convair. Also in development by Convai 
is the lightweight Mauler infrared-guided surface-to-air missil 
for front-line use; no details available. 7 


DAVY CROCKETT 

Type—light surface-to-surface infantry weapon under devel- 
opment for Army, expected to be of the bazooka launching-tube 
type, to be fired in field by one or two men; range—5,500 to 
8,800 yd.; prime contractor—Martin Co.; power system—solid- 
propellant; warhead—probably nuclear, in sub-kilcton range; 
status—development. 


Additional Army missiles canceled in the recent past include: 

Plato, a research and development program for an antimissile 
missile that was phased out in 1958. Prime contractor was 
Sylvania Electric Products Co. 

Dart, antitank missile terminated in September 1958, when 
weapons judged superior for the purpose appeared; prime con- 
tractor was Utica-Bend Corp., Utica, Mich. 

(Continued on page 123) 
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The Matrix of Site Instrumentation 


Site instrumentation—from complete electronic 
installation management to the engineering of 
customized systems and sub-systems—is a 
specialty of Westérn Design. @ Typical of 
Western Design's site instrumentation capability is the new 
data calibration system for the Air Force Minuteman ICBM, 
designed to certify performance of transducers in the Her- 
Cules solid propulsion system. This automatic system, with 
both permanent and quick-look read-out, measures 160 
transducers in 10 minutes, incorporates high safety stand- 


ards and can be operated remotely by unskilled personnel. 
@ For reliable, imaginative site instrumentation, check 
Western Design . ..a company with strong corporate financial 
back-up and extensive experience in military electronic and 
electro-mechanical equipment, sub-systems and systems. For 
further information, write for Data File ASD-1029-1. 


‘Western Design 


DIVISION OF U.S. INDUSTRIES, INC. 
SANTA BARBARA AIRPORT, GOLETA, CALIFORNIA 
















































Controlled Thermal Environment prior to launch is vital to the flight success of a multi-million 
dollar missile. In many other industries, controlled heat is just as important. 


Hrrco Electric Blankets are designed to provide safe, reliable control of temperatures in a wide 
range from —65° to +2200°F. Hirco R&D is now developing electric blankets which will be 
capable of controlling ultra-high temperatures beyond the 2200°F range. 

Hirco Engineers are capable of designing and manufacturing a complete Electrical Blanket 
System to meet your required environment. Such a system would include custom-designed blanket, 
connectors, thermostats and complete electrical controls. Call or write us today! 





H. l. THOMPSON FIBER GLASS CO. 






CUTAWAY VIEW. Shows Heat- 
ing Element of HITCO Electric 
Blanket—sealed between 
cover and inner cover. 


HONEYCOMB PANEL BRAZ- 
ING. New HITCO Electric 
Blanket brazing technique pro- 
vides faster, more reliable 
means of fabricating honey- 
comb structures. 





INDUSTRIAL ELECTRIC HEAT- 
ING ELEMENTS. HITCO Elec- 
tric Heating Elements can be 
provided for a variety of 
industrial uses where a con- 
trolled thermal environment is 
required. 


® Write for Products 
Bulletin No. PB 7-4. 
Our Engineers will be 
glad to consult with you, 
without obligation, 
regarding your Electric 
Blanket and Electric 
Element needs. 





j 





1733 Cordova Street « Los Angeles 7, Calif. * REpublic 3-9161 


Write Or CALL Your NEAREST HITCO REPRESENTATIVE: EASTERN: Tom Kimberly, 38 Crescent Circle, Cheshire, Connecticut, BRowning 2-6544; Fred W. Muhlenfeld, 6659 Loch 
Hill Road, Baltimore 12, Maryland, VAlley 5-3135 © MIDWEST: Burnie Weddle, 3219 West 29th Street, Indianapolis 22, Indiana, WAlnut 5-8685 © SOUTHWEST: Marshall Morris, 
2850A West Berry, Room 7, Fort Worth, Texas, WAlnut 4-8679 © NORTHWEST: J. L. Larsen, 5757 Oaklawn Place, Seattle, Washington, PArkway 5-9311 © WESTERN: Bob Meeker, 
11679 Terrace Drive, Los Altos, California, WHitecliff 8-2471 © CANADIAN PLANT: THE H. 1. THOMPSON CO. OF CANADA LTD., 60 Johnston Street, Guelph, Ontario, TAylor 2-6630 
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LIQUIDOMETER 


complete instrument 
capability 


Design, development, production of electronic 
and electromechanical instrumentation... 
for space vehicles, manned aircraft, 

ground support units and test facilities. 
Liquidometer combines the vision of original 
design with the dependability of long 
experience, to qualify as a major source 

of instrument and control systems. 


Our capabilities are outlined in a new booklet, 
available on request. 


THE LIQUIDOMETER Core. 


LONG ISLAND CITY 1. NEW YORK 


Since 1920 


























He took the luck out 
of heads or tails 


This AMF engineer had a delicate 
problem: to accomplish the separa- 
tion of the expended stages of a 
multi-stage rocket. If separation 
occurs too soon, thrust in the nearly 
burned out stage may exceed the 
aerodynamic drag, the tail overtakes 
the head, and... boom. A million dol- 
lar collision and no insurance. 


His solution: An acceleration 
switch that turns the burned out 
stage loose at the right split second 
...& Switch that makes rockets think 
for themselves. 


His switch is compact. It is de- 
signed to work in any missile at any 
range with any payload. It is ingen- 
iously simple in conception, design, 
and operation. A spring is attached 
to a free swinging hammer, the 
spring force acting to pull the han- 
mer against the contact plate. At 
calibration the spring can be set to 
oppose any G from 1 to 100. When 
the missile is launched, the hammer 
is held back by the acceleration 
forces until the stage decays to the 
desired separation G. When the 
spring force overcomes the forces 
of acceleration, the hammer comes 
forward, strikes the contact plate, 
and the circuit required to make 
separation is closed automatically. 
No guesswork, no luck, no collision. 


Single Command Concept 


This simple solution to a tricky 
problem reflects the resourcefulness 
of AMF people. 


AMF people are organized in a 
single operational unit offering a 
wide range of engineering and pro- 
duction capabilities. Its purpose: To 
accept assignments at any stage 
from concept through development, 
production, and service training... 
and to complete them faster...in 
* Ground Support Equipment 
* Weapon Systems 
* Undersea Warfare 
¢ Radar 
* Automatic Handling & Processing 
* Range Instrumentation 
¢ Space Environment Equipment 
* Nuclear Research & Development 

GOVERNMENT PRODUCTS GROUP, 


AMF Building, 261 Madison Avenue, 
New York 16, N. Y. 
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NIKE-ZEUS HAWK 


Navy 


POLARIS FBMS 

Type—underwater-to-surface or surface-to-surface Fleet Bal- 
listic Missile System (FBMS); prime contractor—Lockheed Air- 
craft Corp.; maximum speed—Mach 10; range—1,200 mi.; length 
—28 ft.; diameter—4 ft. 6 in.; weight—28,000 lb.; power system 
—two-stage, solid-propellant rocket, thrust about 100,000 lb.; 
guidance—inertial; warhead—nuclear; status—in development, for 
use aboard US Navy nuclear-powered submarines and possibly 
surface vessels and with land-based launchers; other contrac- 
tors—nose cone and airframe, Lockheed; powerplant, Aerojet- 
General; guidance, General Electric. 


SIDEWINDER Navy: AAM-N-7. Air Force: GAR-8 (ADC, 

TAC) 

Type—air-to-air guided weapon; prime contractor—Philco 
Corp., General Electric Co.; maximum speed—Mach 2.5; range 
—at sea level, 3,500 ft.; at 50,000 ft., 11,000 ft.; ceiling—over 
50,000 ft.; length—9 ft. 5 in.; diameter—5 in.; finspan—1 ft. 
7 in.; weight—155 lb.; power system—solid-propellant rocket; 
guidance—infrared heat-seeking device; warhead—conventional; 
status—operational, supplied to several allied air forces, advanced 
1C model, formerly called Diamondback or Sarah, under devel- 
opment; other contractors—guidance, Philco, General Electric; 
propulsion, Naval Powder Plant, Allegany Ballistics; warhead 
Eastman Kodak, Minneapolis-Honeywell, Baldwin Piano. 


SPARROW III AAM-N-6 

Type—air-to-air guided missile; prime contractor—Raytheon 
Co.; speed—Mach 2.5 to 3; range—8 mi.; ceiling—over 50,000 
ft.; length—about 12 ft.; diameter—9 in.; span—3 ft. 3 in.; weight 
—380 lb.; power system—solid-propellant rocket or prepackaged 
liquid; guidance—semiactive radar-homing; warhead—conven- 
tional; status—operational, superseding now-obsolete Sparrow 
I; Sparrrow II was experimental, not intended for operation; 
other contractors—airframe, Raytheon; powerplant, Aerojet- 
General; guidance, Raytheon. 


ZUNI 

Type—air-to-surface or air-to-air rocket; developed by Naval 
Ordnance Test Station, produced by Bridgeport Brass Co.; speed 
—Mach 8; length—9 ft.; diameter—5 in.; weight—107 lb.; power 
system—solid-propellant; guidance—none; warhead—conventional 
explosive rocket, can be armed with flares, fragmentation, armor 
piercing, etc.; status—operational. 


HVAR (High-Velocity Aircraft Rocket, nickname Holy Moses) 

Type—air-to-air rocket; speed—1,023 mph; length—6 ft.; di- 
ameter—5 in.; weight—about 140 lb.; power system—solid-pro- 
pellant; guidance—none; warhead—conventional; status—opera- 
tional. 


MIGHTY MOUSE 
Type—air-to-air or air-to-surface rocket; diameter—2.75 in.; 
warhead—conventional; status—in service, no longer in produc- 
tion; contractors—propellant, Aerojet-General; frame, Hunter 
Douglas Aluminum; warhead, Heintz Mfg. 
(Continued on following page) 
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Type—long-range air-to-air; prime contractor—Bendix Avia- 
tion Corp.; range—over 100 mi.; power system—solid-propellant; 
guidance—active radar-homing; warhead—nuclear; status—in de- 
velopment; represents new departure in that it could be launched 
from large, slow, patrol-type aircraft; other contractors—air- 
frame, Grumman; propulsixn, Aerojet-General; target-seeking 
equipment, Sanders Associates; tactical computer, Litton; air- 
borne intercept radar, Westinghouse; guidance, Bendix. 


TERRIER SAM-N-7 

Type—solid-propellant surface-to-air, for firing from cruisers 
and US Marine mobile launchers ashore; prime contractor—Con- 
vair; maximum speed—Mach 2.5; ceiling—over 50,000 ft.; range 
—about 10 mi.; length—15 ft., 27 ft. with booster; diameter— 
14 in.; span—4 ft.; power system—solid-fuel rocket; guidance— 
radar beam-riding; warhead—conventional; status—operational, 
advanced version with greater range in production; other con- 
tractors—airframe, Convair; powerplant, Allegany Ballistics; 
guidance, Sperry, Convair, Motorola. 


TALOS SAM-N-6 

Type—shipboard surface-to-air or surface-to-surface; prime 
contractor—Bendix Aviation Corp.; speed—Mach 2.5; ceiling— 
extremely high altitudes; range—over 65 mi.; length—31 ft. 3 in.; 
diameter—30 in.; span—9 ft. 6 in.; weight—about 3,000 lb., 7,000 
Ib. including booster; power system—solid-fuel rocket motor for 
first few seconds, then ramjet engine; guidance—radar beam- 
riding, semiactive homing; warhead—nuclear or conventional; 
status—operational, advanced version known as Typhon Long 
Range, formerly Super Talos, in development; other contractors 
—airframe, McDonnell; powerplant, McDonnell, Allegany Bal- 
listics, Bendix; guidance, Farnsworth Electric; “homing-head” 
radar, Sperry; development, Applied Physics Laboratory, Johns 
Hopkins University. 


TARTAR 

Type—solid-propellant surface-to-air, for use aboard destroy- 
ers and cruisers; prime contractor—Convair; speed—supersonic; 
range—about 10 mi.; length—15 ft.; diameter—over 1 ft.; power 
system—dual-thrust solid-propellant rocket; guidance—radar 
beam-rider; warhead—conventional; status—in development, ex- 
pected to be operational shortly; advanced version known as 
Typhon Medium Range, formerly Super Tartar, in development; 
other contractors—airframe, Convair; powerplant, Aerojet-Gen- 
eral, Allegany Ballistics; guidance, Raytheon. 


BULLPUP Navy: ASM-N-7A_ Air Force: GAM-83A (Some- 
times called White Lance in USAF) 

Type—air-to-surface guided weapon; prime contractor—Martin 
Co.; cruise speed—Mach 1.8; range—over 15,000 ft.; length—11 
ft.; diameter—1 ft.; span—3 ft. 1 in.; weight—571 lb.; power sys- 
tem—solid or liquid rocket; guidance—command (radio signals 
from launch plane pilot); warhead—conventional; status—opera- 
tional, used by TAC in USAF; advanced version, one known as 
Bulldog, in development, one being developed for USAF will 
have nuclear capability; other contractors—airframe, Martin; 
powerplant, Allegany Ballistics, Aerojet-General, Thiokol; guid- 
ance, Martin. 


CORVUS XASM-N-8 

Type—stand-off air-to-surface missile; prime contractor—Tem- 
co Aircraft Corp.; speed—supersonic; range—greater than 100 
mi.; power system—prepackaged liquid-propellant; guidance— 
radar-homing; status—in development; other contractors—air- 
frame, Temco; powerplant, Thiokol; guidance, W. L. Maxson, © 
Texas Instruments. 


WEAPON ABLE 

Type—antisubmarine surface-to-underwater rocket; prime con- 
tractor—Avco Corp.; range—variable; length—8 ft. 6 in.; diameter 
—12.75 in.; weight—500 lb.; power system—solid rocket; guid- 
ance—fired from turretlike launcher by advanced fire-control 
system; warhead—conventional explosive charge; status—opera- 
tional. 

(Continued on page 128) 
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A Tracking Center collects, 
evaluates and displays pertinent 
information on all air activities 
‘D B , within its area of responsibility. 

é 4 . Each tracking site can track 
while scanning many high speed 
maneuvering targets. Position 
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é the communications network 
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The Control Function results 
in accomplishment of tactical 

air missions assigned by the 
command center, including 
intercepting air targets, air 
attacks on ground targets, 
return-to-base missions and 
responseto emergency situations. 
The vectoring computer group 
calculates optimum intercept 
vectors, and guides the assigned 
aircraft to the target, constantly 


ime correcting for target maneuvers 

1g— and drift. One air controller can 
C monitor many air missions, 

n.; providing a greatly expanded 
000 capacity over manual systems. 
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nic; digital techniques. Microwaves, 

ywer tropospheric scatter or land line 
communication is used between 

adar sites. Compact message 

» €X- structure and efficiently 

n as programmed time-sharing 


insures rapid updating of a 
maximum number of targets. 
Communication facilities are 
flexible and can easily be 
reorganized to accommodate 

a change in the number of sites. 


1ent; 


Gen- 


pme- 


artin 
1—11 
> SyS- 
gnals 
pera- 
mn as 
will 
artin; 
guid- 


Tem- 
1 100 
mce— 
;—air- 
1xSOn, 


e COon- 

meter 

guid- 

ontrol 

Ipera- 
Other control and data systems developed by the Remington Rand 
Univac Mititary Division include: 
ATHENA, the Ground Guidance Computer for the U.S. Air Force 
ICBM TITAN, 


il 1960 BOMARC Computer for the U. S. Air Force Target Intercept Program. 





From the REMINGTON RAND UNIVAC 


Military 


Division 


TACS—combining data 
processing, communications and 
control functions—demonstrates 
total systems capabilities. 


A significant example of the capabilities of the 
Remington Rand Univac Military Division is the 
AN/TSQ-13 Tactical Air Control System. This 
USAF System automatically performs air 
surveillance, evaluation and control functions in a 
160,000 square mile area, reassessing the air situation 
every 30 seconds to facilitate command decisions. 


The transportability of the System allows Control 
and Reporting Centers to be quickly moved 
into far forward positions to give surveillance of 
tactical territory. A communications network, 
involving both voice and digital techniques, 
coordinates these functions with weapon groups 
and other military activities to successfully meet 
the fast-changing needs of the tactical air situation, 


Designed and built by the Military Division, the 
Tactical Air Control System fully integrates the 
computation, communication and control functions. 
The System represents a solution to a complex 
problem and exhibits the characteristics which 
have become identified with Remington 
Rand Univac achievements in the military 
area—compact size, high speed of 
operation and reliability under demanding 
environmental conditions, 

UNIVAC® 





Kfemington. Hand 
SI NEAV/ANG 


DIVISION OF SPERRY RAND CORPORATION 


Univac Park 5 Paul 16, Minnesota 


SEA SURVEILLANCE SYSTEM FOR THE U. S. NAVY 
AN /USQ-20 (Advanced Computer for the U. S. Navy). 
Additional information describing capabilities and experience or 


career opportunities may be obtained by writing to Remington Rand 
Univac at the above address. 
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THIOKOL’s Utah Division is fully staffed and equipped to produce solid rocket 
motors of unprecedented size ... of ICBM and even satellite proportions. 


Why THIOKOL subcontracts to 
Industry, U.S.A. in the 


production of rocket powerplants 


of unprecedented reliability. 


In the development of powerplants 
for ballistic missiles like Minute- 
man, Nike-Zeus, Subroc, and for 
research vehicles like Little Joe 
and X-17...THIOKOL draws on 
its own vast propulsion know-how 
plus the advanced technological 
background of scores of industrial 
organizations. 

The Allison Division of General 
Motors, Radiation, Inc., Goodyear, 
General Electric, Douglas, Boeing, 
Curtiss-Wright, RCA, Solar Air- 
craft... these are but a few of the 
many companies, large and small, 
to whom THIOKOL has subcontract- 
ed in producing dependable pro- 
pulsion systems. 

We have called upon the aircraft 
industry to whom metals for flight 
are second nature to obtain rocket 
casings combining lightness of 


weight and high tensile strength. 

We have called upon the elec- 
tronics industry whose art is 
instrumentation for the delicate 
devices required for precise test- 
ing and production controls. 

We have turned to the transpor- 
tation and construction industries 
for development of specialized 
equipment such as monorail sys- 
tems and movable cranes needed 
to process giant rocket motors 
with unfailing precision on an 
assembly line basis. 


Many industrial technologies 
are met in a rocket propulsion sys- 
tem. Recognizing this, THIOKOL 
calls on specialists to achieve high- 
est reliability, to meet the critical 
rocket power requirements of na- 
tional defense and space research. 


ca 
Vhtcoko€ ® Chemical Corporation 


BRISTOL, PENNA. 
Plants in: TRENTON, N.J.; MOSS POINT, MISS.; DENVILLE, N. J.; ELKTON, 
MD.; HUNTSVILLE, ALA.; MARSHALL, TEXAS; BRIGHAM CITY, UTAH, 


®Registered trademark of the Thiokol Chemical Corporation for its liquid 
polymers, rocket propellants, plasticizers, and other chemical products. 
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SUBROC (Submarine Rocket) q 

Type—surface or underwater-to-underwater, for firing pri- 7 

marily by submerged submarines against other subs or surface ™ 

craft; prime contractor—Goodyear Aircraft Corp.; power system © 

—solid-propellant; warhead—nuclear or conventional; status—in § 

development, final system will include equipment to compute ~ 
TARTAR target course and speed and fire the weapon; other contractors— | 
propulsion, Thiokol; guidance, Librascope, Kearfott. 4 


ASROC (Antisubmarine Rocket) q 
Type—rocket-assisted surface-to-underwater antisubmarine 
rocket; prime contractor—Minneapolis-Honeywell Regulator — 
Co.; power system—solid-propellant; guidance—fired to the ~ 
target area as an airborne missile, then becomes an acoustic § 
homing torpedo after entering the water; warhead—nuclear; © 
status—in development; cruisers and destroyers will carry 

ASROC; few details are available. 


ASTOR (Antisubmarine Torpedo Ordnance Rocket) 

Type—antisubmarine device to be launched from submerged 
submarines; prime contractor—Westinghouse Electric Corp.; 
length—20 ft.; underwater speed—20 kt.; power system—electric; 
range—20,000 yd.; guidance—electrically propelled and wire- 
guided; warhead—nuclear; status—in developmental testing 
stage; few details available. 





REGULUS I SSM-N-8 
Type—air-breathing surface-to-surface “flying bomb” (KDU-1 
is drone version); prime contractor—Chance Vought Aircraft; 
cruise speed—650 mph; terminal dive speed—transonic, Mach 
0.9; range—575 mi.; length—33 ft.; span—21 ft.; diameter—4 ft. 
6 in.; weight—14,522 lb.; power system—J33-A-18 turbojet with 
2 solid-propellant boosters; guidance—command; warhead-nu- 
clear; status—operational, production halted after 514th missile 
delivered in January 1959; installed on aircraft carriers, cruisers, 
corvus and submarines; supersonic Regulus II project terminated in 
December 1958; other contractors—airframe, Chance Vought; 
powerplant, Allison, Aerojet-General; guidance, Motorola, 
Vance Industries. 


COBRA 

Type—US Marine Corps antitank missile; prime contractor~ 
developed by Boelkow Entwicklungen of West Germany; Day- 
strom of US, distributor; speed—about 200 mph; range—500 to 
1,760 yd.; length—30 in.; diameter—4 in.; weight—20 lb. over- 
all, warhead 5.5 lb.; power system—solid-propellant; guidance— 
wire-transmitted electronic signals; warhead—conventional; 
status—undergoing tests here, operational with West German 
forces. 

WEAPON ABLE (Continued on page 131) 
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On all frontiers... 


Philco pioneers in advanced electronics... 


In space and in the air, on land, on sea, and in the ocean depths —wherever advanced 
electronics plays its part—you will find dramatic proof of Philco leadership in 
technology, capacity and versatility. For here is an organization fully staffed and 
fully equipped to pioneer and contribute in every phase of the art . . . to solve 
the most complex problems . . .-to create totally new devices . . . to manufacture 
the finest electronic products and systems. 
Philco leadership in the field of advanced electronics is recognized throughout 
the world. And Philco stands ready to serve. Look to the leader... look to Philco. 


Weapons Systems « Satellites « Space Instrumentation » Guided Missiles » Global 
Communications « Radar « Data Links « Fire Control Systems » Underwater Ordnance « 
Air Traffic Control » Data Processing Systems « Closed Circuit TV 


Government and Industrial Group, Philadelphia 44, Pennsylvania 


Communications and Weapons Systems Division e Computer Division 
Sierra Electronic Division ¢ Western Development Laboratories 


PHILCO. 

















As North American’s X-15 — world’s most 
advanced manned research craft—parts the cur- 
tain of earth’s atmosphere, the arts of guidance 
and direction must play a critical role. Sperry’s 
Air Armament Division, assigned the Flight 
Data System responsibility for the X-15, is meet- 
ing the challenge with inertial guidance gear 
of advanced design, precision and dependability. 

But the problems of inertial guidance are not 
new to Sperry. During the past ten years, over 
25-million Sperry man-hours have been employed 
to develop and produce successful inertial guid- 
ance. As a result, the nation has in the Convair 
B-58 Hustler the most thoroughly studied, ana- 


lyzed, tested, evaluated and understood inertial 
guidance system in being — plus the advanced 
guidance equipment for the X-15 and for other 
future applications. 

And in addition to work on government spon- 
sored space guidance systems and techniques, 
Sperry scientists and engineers are exploring new 
and exotic techniques for gyros, advanced mini- 
aturized digital computers, acceleration sensors, 
zero gravity environment systems—in many cases 
involving radical departures from current tech- 
nology—with the aim of developing concepts, 
systems and hardware that are ahead of the 


challenges of man in space. 


AIR ARMAMENT DIVISION, SPERRY GYROSCOPE COMPANY, DIVISION OF SPERRY RAND CORPORATION, GREAT NECK, NEW YORK 
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MISSILES & SPACE WEAPONS CONTINUED 


GIMLET 


Type—air-launched rocket; guidance—none; status—in devel- 
opment; no other details available. 


Additional Navy missiles canceled in the recent past include: 

Triton, surface-to-surface missile under development by the 
Applied Physics Laboratory, Johns Hopkins University, when 
canceled in September 1957. 

Rat, Naval Ordnance Test Station surface-to-underwater 
rocket-thrown torpedo canceled in January 1959 because supe- 
rior antisubmarine weapons moved into advanced development. 

Petrel, air-to-surface missile designed for use against sub- 
marines and surface ships, phased out of production in 1958 


REGULUS | 


after service with the fleet from April 1956. Prime contractor 
was Fairchild’s Guided Missile Division. 
e = & 

As part of their rocket and missile programs, all three services 
are engaged in continuing hardware testing and basic research. 
A vast family of vehicles has taken part in this work in the past 
several years. Some have been used for a variety of purposes 
by more than one service as well as NASA. Among them: 

e Air Force—Cajun atmospheric sounding rocket; Astrobee 
and Aerobee upper-atmosphere sounding rockets (in conjunc- 
tion with both other services); HTV medium-altitude hyper- 
sonic test vehicle; Rockaire air-launched sounding rocket; X-7 
ramjet engine test pod; X-10 test vehicle; Arcas Robin sound- 
ing rocket; Cherokee ejection-seat test rocket vehicle; Cree 
rocket for high-altitude testing of parachutes for manned aero- 
space craft escape systems, missiles, and drones; Skokie I and 
II air-launched parachute test vehicles; Jaguar air- and ground- 
launched high-altitude radiation-measuring rocket. 


JAGUAR 


COBRA 


@ Army—Pogo-Hi solid-propelled missile target which can 
reach an altitude of 250,000 ft. at a speed of Mach 4; Deacon 
atmospheric sounding rocket also used by NASA; Argo research 
rocket; Aerosound, a variation on Aerobee atmospheric research. 

@ Navy—Arcas meteorological sounding and research rocket; 
Arcon upper-atmosphere research rocket; Asp series of high- 
altitude sounding rockets, used in NASA-Navy tests, Nike-Asp 
research shots to regions 50 to 100 mi. up; Aspan ultrahigh- 
altitude research rocket; Hasp upper-altitude research rocket; 
Iris two-stage research vehicle with a capability of carrying a 
payload of 100 Ib. to a 200-mi. altitude; Viking sounding vehi- 
cle; Wasp ionosphere research rocket; Rockair instrumented 
sounding rocket; Dan two-stage sounding rocket. 

—FREDERIC M. PHILIPS VIKING 
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21 U.S. missiles rely on Raytheon electron tubes 


YTHEON COMPANY, WALTHAM, MASS, EXCELLENCE IN ELECTRONICS 





1. Lacrosse. Army. Ground-to-ground. 
Prime contractor: Martin. 


2.Mace. Air Force. Ground-to-ground. 
Prime contractor: Martin. 


3. Nike Hercules. Army. Ground-to-air. 
Prime contractor: Western Electric. 


4. Falcon. Air Force. Air-to-air. Prime con- 
tractor: Hughes. 


5. Sidewinder (GAR-8). Navy/Air Force. 
Air-to-air. Prime contractors: Philco; 
General Electric. 


6. Redstone. Army. Ground-to-ground. 
Prime contractor: Chrysler Corp. 


7. Terrier. Navy. Surface-to-air. Prime 
contractor: Convair. 


8. Talos. Navy. Surface-to-air. Prime con- 
tractor: Bendix Aviation. 


9. Atlas. Air Force. Ground-to-ground. 
Prime contractor: Convair. 











10. Thor. Air Force. Ground-to-ground. 
Prime contractor: Douglas. 


11. Sparrow til. Navy. Air-to-air. Prime 
contractor: Raytheon. 


12. Sergeant. Army. Ground-to-ground. 
Prime contractor: Sperry Rand. 


13. Snark. Air Force. Ground-to-ground. 
Prime contractor: Northrop. 


14, Quail. Air Force. Air-to-ground. Prime 
contractor: McDonnell. : 


15. Hawk. Army. Ground-to-air. Prime con- 
tractor: Raytheon. 


16. Titan. Air Force. Ground-to-ground. 
Prime contractor: Martin. 


17. Bullpup. Navy. Air-to-ground. Prime 
contractor: Martin. 


18. Nike Ajax. Army. Ground-to-air. Prime 
contractor: Western Electric. 


19. Corporal. Army. Ground-to-ground. 
Prime contractors: Firestone; Gilfillan. 


20. Bomare. Air Force. Ground-to-air. Prime 
contractor: Boeing. 


21. Jupiter. Army. Ground-to-ground. Prime 
contractor. Chrysler Corp. 
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Cutaway diagram of a hypothetical two-stage, ballistic- 
type missile, showing the major components. First stage 
is propelled by solid fuel; second is liquid propelled. 
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rocket carrying its own supply of an oxidizer to enable a 

fuel to burn in a vacuum—can supply propulsion. In 
the future, atomic powerplants and even more exotic sys- 
tems may be devised to heat fuels and provide the exhaust 
particles that push the ship forward, but today only chem- 
ical fuels—liquid or solid—are available for the job. 

A rocket develops push or “thrust” when the hot gases 
caused by the burning of the propellants push outward 
equally against the walls of the combustion chamber. Since 
these gases can escape only through a nozzle at the bottom 
of the chamber, the resulting imbalance puts pressure on 
the combustion chamber wall opposite the nozzle and pro- 
duces forward or upward movement. 

The process is not unlike the behavior of a toy balloon 
set free after being blown up, and it illustrates Sir Isaac 
Newton’s third law of motion: “To every action there is an 
equal and opposite reaction.” 

Some confusion exists between missiles and rockets. A 
missile is any object thrown at a target. A guided missile 
is one whose direction can be changed during flight. A 
ballistic missile is a particular form of guided missile in 
that it is powered and guided only during the first part of 
its flight and thereafter follows a “ballistic trajectory” like 
that of a thrown rock or an artillery shell, honoring the 
laws of physics. 

Rocket refers to the type of propulsion. Some, but not 
all, missiles are rocket powered, though the tendency is to 
refer to them all as “rockets.” 

What are the components of a ballistic missile? 


Inside the ICBM 


Ballistic missiles—including intermediate-range (IRBM), 
approximately 1,500 miles, or intercontinental-range 
(ICBM), approximately 5,000 miles—consist of a number 
of interconnected and interacting systems and subsystems 
that perform distinct functions. The major components 
which are all packed into the airframe are: 

@ The nose cone—the cone-shaped protective covering 
that enables the warhead to reenter earth’s atmosphere. 

@ The warhead—may be high explosive, atomic, or ther- 
monuclear, complete with fuzing and arming systems. In 
nonmilitary missions, the warhead becomes payload and 
may consist of instruments, a satellite, space probe, or an 
inhabited capsule. 

@ Guidance system—regulates the position and velocity of 
the missile during powered flight to establish a satisfactory 
trajectory before thrust cutoff. There are two main types 
of guidance in ballistic missiles: 

1. In radio-inertial or radar-command guidance, one or 
more ground radars measure the position and velocity of 
the missile; corrective maneuvers are computed and trans- 


I* THE airless void of space, only a reaction engine—a 
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Map shows principal installations of the National Aeronautics and Space Administration (NASA), the Army, Navy, and 
the Air Force; announced ICBM (Atlas and Titan) launch sites; the stations of the Navy’s Space Surveillance network 
and Army’s Doploc fence, both part of ARPA’s Project Shepherd, a program for detecting “dark” or silent satellites; 
and the Nationaal Space Surveillance Control Center, where all information on satellites is gathered and interpreted. 





mitted to the missile as “commands.” Inertial elements such 
as gyroscopes may be included, but precision guidance is 
obtained primarily from the ground. This system uses two 
main types of radars—pulse radar, in which pulses of micro- 
wave energy are radiated from the ground, and the time 
lapses for the return of signals are measured to provide 
line-of-sight distance to the missile; and Doppler radar, 
which makes use of the fact that the return signal is shifted 
in carrier frequency by an amount proportional to the 
velocity of the missile. 

2. Inertial guidance operates independently of infor- 
mation received from outside the missile. An onboard 
computer and sensing instruments (a set of mutually per- 
pendicular accelerometers mounted on a gyro-stabilized 
platform) furnish signals to the control system based on 
data preset into the control system. Such guidance can be 
interfered with only by destroying the missile. 

Other types of guidance for nonballistic missiles include: 

Beam-rider guidance—using a beam directed into space 
so the center of the beam axis forms a line along which it 
is desired to direct the missile. 

Celestial guidance—guidance by reference to celestial 
bodies. 

Celestial-inertial guidance—basic inertial guidance cor- 
rected by information from celestial observations. 

Homing guidance—the missile steers itself toward a tar- 
get by means of a self-contained mechanism (infrared 
detectors, radar, etc.), activated by some distinguishing 
characteristic of the target. Homing guidance may be active, 
passive, or semiactive. 
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Map-matching guidance—the missile guides itself by 
comparing a previously obtained radarscope film with 
echoes received from the terrain below during flight. 

Preset guidance—the missile is sent on a predetermined 
path and cannot be adjusted after launching. 

Terrestrial-reference guidance—the predetermined path 
of the missile can be followed by a device in the missile 
which reacts to some property of the earth such as mag- 
netic or gravitational fields. 

Track-command guidance—both target and missile are 
tracked by separate radars, and corrective commands are 
sent to the missile. os, 

@ Control system—maintains attitude stability of the mis- 
sile during powered flight to prevent undesirable responses 
when overriding guidance signals are introduced and to 
correct any possible deflections. 

@ Accessory power supply—furnishes electric power for 
the guidance and control systems and any necessary hy- 
draulic or pneumatic power. 

@ Propulsion system—consists of the rocket engine with 
nozzle, combustion chamber, ignition circuitry, fuel, and— 
in liquid-fuel systems—turbopumps to force fuel into the 
combustion chamber. There are two main chemical fuel 
systems—liquid and solid: 

1. In liquid-propellant systems liquid fuel and a liquid 
oxidizer are fed under pressure from tanks into the com- 
bustion chamber. Different combinations produce various 
specific impulses (the thrust in pounds divided by the 
propulsion consumption rate in pounds per second). 

(Continued on following page) 
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Here are some typical liquid-fuel systems: 


Specific 
roa Gxidizer fags 
Ammonia Nitric acid 237 
Kerosene Oxygen 249 
Hydrazine Nitrogen tetroxide 249 
Ammonia Oxygen 250 
Hydrazine Chlorine trifluoride 251 
Hydrazine Oxygen 263 
Hydrazine Nitrogen tetroxide 279 
Hydrazine Fluorine 316 
Hydrogen Oxygen 364 
Hydrogen Fluorine 371 


2. In solid-propellant systems the propellant, a single 
substance containing all the elements for complete com- 
bustion (the oxidizer is built in), burns at a nearly constant 
rate in the same chamber in which it was stored. Usually 
in plasticlike, caked form, the solid-fuel mixture, known as 
the “grain” or “charge,” needs no tanks, pumps, or fuel 
lines. There are two types of solid-propellant rocket en- 
gines—restricted, in which the fuel burns from one end to 
the other; and unrestricted, in which fuel burns on several 
surfaces at once, developing greater thrust than the other. 
Again, various combinations produce different specific 
impulses. Here are examples: 


Fuel Specific 

Base Oxidizer Impulse 
Asphalt Perchlorate 200 
Polyurethane Perchlorate 245 
Boron Perchlorate 270 
Metal hydride Fluoride 300 


@ Airframe—the supporting structure for everything else 
in the missile. The casing must be light enough to permit 
maximum range but strong enough to support components 
and propellants during flight. Multistage design, in which 
one or more engine sections are jettisoned during powered 
flight, reduces the mass that must be accelerated through 
the entire distance to thrust cutoff. 


How Fast... How Far 


The function of a rocket propulsion system is to develop 
velocity. Velocity may be increased in the following three 
ways: 

1. By increasing the energy yield of the propellant. 

2. By increasing the velocity of the exhaust. 

8. By reducing the weight of the rocket. 

The higher the velocity, the more involved the mission 
that may be undertaken. Here are some examples: 


Velocity 


Intermediate-range ballistic missile 14,000 
Intercontinental ballistic missile 24,000 
Minimum equatorial orbit 25,000 
Minimum polar orbit 26,000 
Escape from earth 36,680 
Flight to Venus 37,000 
Orbit to moon 38,000 
Soft lunar landing 44,300 


38,000 to 56,700 
56,700 to 100,000 


Orbit Mars or soft landing 
Land on Mars and return 


To the outer planets 50,000 
Reconnaissance of Jupiter 50,000 to 100,000 
Escape from the solar system 53,850 










CONTINUED 
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Propulsion . . . Fission to Photon 


Chemical combustion is now used in rocket propulsion 
because no other means of accelerating mass to high ex- 
haust speeds has yet been perfected. Such chemical systems 
seem limited to specific impulses of from 250 to 400 seconds, 
The systems of tomorrow, now under study in laboratories, 
will have higher performance: 





PLAS 
System Specific Impulse 
Solar 450 
Nuclear fission 600 to 1,500 
Free radicals 1,200 
Electric arc 2,000 
lonic 10,000 to 20,000 
Nuclear fusion 600,000 to 1,000,000 
Photon 30,000,000 


@ Solar—In a solar rocket engine sunlight would be con- 
verted to heat energy, which would be used to expand a 
fluid such as liquid hydrogen, producing thrust. 

@ Nuclear fission—In such an engine the enormous heat 
energy of atomic power would help create thrust by heat- 
ing a substance such as liquid hydrogen, helium, or am- Plasi 
monia to a high temperature. When the heated substance desig 
was ejected through the rocket’s nozzle, thrust would be orato 








produced, oe 
@ Free radicals—Free radicals are groups of atoms broken tages 
away from a stable compound by the application of external § inert 


energy. Their use in propulsion systems, now theoretical, § avoid 
depends on their being isolated and available in bulk, 
either in pure form or dissolved in another fuel. 

@ Electric arc—In such a system an electric arc would be 
used to heat a working fluid which would be expelled 
through the nozzle. Energy for the arc might be derived 
from a nuclear reactor, batteries, or solar radiation. 

@ lonic—If liquid cesium is vaporized by heat from a 
nuclear reactor, it becomes ionized in the process (ions are 
atoms unbalanced electrically by the removal of one of 
more atoms). The ions can be accelerated to high speeds 
by an electrical field and ejected from the engine. Because 
of the low mass of ion particles, such an engine would 
have low thrust and would have to be boosted into space 
by chemical or other means or launched from orbit. ; 

@ Nuclear fusion—Such a powerplant must await a satis- 
factory means of controlling thermonuclear energy—the 
power of the H-bomb. In the thermonuclear process, when 
two nuclei of heavy hydrogen collide at high energies, 





ENVII 





they interact, forming a new nucleus and liberating either ee 


a proton or neutron of high energy. To obtain a useful § uratio 
power yield from this reaction, a gas of deuterium or § ‘equir 
deuterium mixed with tritium (both forms of hydrogen) § *!ew 


must be brought together at enormously high temperatures be 


(estimated as high as 350,000,000 degrees). Gas at these J Acous 
temperatures would have to be confined away from con- § 912, 
tact with any solid material. One proposal to solve this § ° °c 
problem is to create a “magnetic bottle,” whereby a flow of 
heavy electrical current through the hot gas would at once 
contain the gas and bring it up to the necessary high tem- 
perature by compressing it. 4 
@ Photon—Perhaps the ultimate in propulsion would bé 
the photon rocket, in which matter would be converted 
into radiation and ejected at the speed of light, resulting’ 
in low thrust and acceleration but high specific impulse.’ 
In theory a vehicle powered by photons (or light particles)” 
could accelerate to nearly the speed of light, 186,284 miles 
per second. However, at this time there is no known method” 

of radiating tremendously intense beams of light. 
—RicHarp M. SKINNER 
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LOOK TO AVCO... 




































‘D 
for use-proven space age research tools 
E Now available from Avco are advanced products and systems in the fields of Hypervelocity Instrumenta- 
x tion, Rocket-Environment Test Equipment, and Plasma Research Facilities. Represented by local agents 
ns throughout the United States and the world, these products are fully use-proven in research and develop- 
is, ment laboratories across the nation. 
DS 
PLASMA RESEARCH FACILITIES HYPERVELOCITY INSTRUMENTATION 
Plasma Generator PG-500, Shadowgraph and Schlieren 
operating with air as the work- Systems record events asso- 
ing fluid, duplicates all essen- ciated with hypervelocity aero- 
tial conditions of atmospheric dynamic phenomena; include 
re-entry, consumes up to 1.5 light source, lenses, catadiop- 
) megawatts of power, produces tric light screen, Kerr Cell 
enthalpies up to 12,500 Btu/ Shutter and Camera. Record 
Ib. Uses include plasma re- shock waves, flow patterns and 
search, materials testing and impact deformations of space 
on- re-entry simulation. age research. 
da 
eat 
2at- Avco Kerr Cell Shutter permits 
nce designed as ultra-reliable lab- usec., is available as an od 
be — oratory heat source, consumes dependent module. Large 2- 
from 2 to 30 KW of power, inch aperture unit may be re- 
sprays tungsten, carbides, motely positioned for maxi- 
ken alumina, zirconia, etc. Uses mum utility. Useful for ultra- 
rnal inert gases as working fluid to high speed shuttering a 
cal, avoid reactance. ballistic, chemical and therma 
research. 
ulk, 
1 be 
led 
ved FENVIRONMENTAL TEST EQUIPMENT eit Absit Sesieene, ‘une: 
viding from .3 to 1 usec. light 
pulse durations, are general 
m 4 : purpose, spark-type units of 
3 are Shock Machines, SM-010 and cylindrical construction with 
e oF SM-030 with shock pulses up coaxial discharge path; pre- 
eedi to 1000 g’s, meet ballistic determined triggering; also 
missile test specifications by provide synchronized output 
ause providing sawtooth, quarter- pulse for balance of system. 
ould and half-sine, and triangular 
pace pulses. Models SM-005 and 
SM-020 available June,1960. 
satis- 
—the Rotating Mirror and Drum 
vhen Cameras for accurate position- 
“gies versus-time recording of hyper- 
gl . Acoustic Noise Test Systems velocity events. Mirror camera 
ither J available in a variety of config- writes at rate of 4mm/ sec. on 
seful urations to meet specialized 70 mm film; Rotating Drum 
m or requirements. Systems avail- Camera writes at rate of .19 
en) able with random noise outputs mm/usec. on 76mm film for 
8 of 163, 150, 140, and 120 db. streak and Schlieren recording. 
tures § Larger systems feature Avco 
these § Acoustic Noise Generator AG- 
con- § 012, simulating random noise 
s this of rocket engine firing. 
ow of 
- once 
| tem- 
) Environmental Test Fixture 
ild be TF-006-1 is compact and ver- 
verted satile, virtually resonance-free f 1) , 
ulting up to 2000 cps, mounts on Hesearch & Advanced Development 
- ; standard vibration exciters, division 
pulse: centrifuges and shock ma- 
ticles) chines; also handles several 
| miles specimens along three mu- 
rethod | tually perpendicular axes. For more information write: Products and Services Department, 
4 Research and Advanced Development Division, Avco Corporation, 
INNER Wilmington, Massachusetts. 
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expedited 
production 

has been applied 
successfully in these 
major areas 

at Melpar 












...parallel production, development 


Printed circuitry and 
materials 


Acoustic, audio and 
ultrasonic systems 


Electronic training devices 
Countermeasures systems 
Ordnance electronics 
Aids to navigation 

Flight simulators 

Radar systems 

Telemetry systems 


Antennas 





















FROM MINIATURE RADAR beacons to complex mission simulators, 
Melpar has successfully employed its own techniques of paralleling pro- 
duction and equipments development. 


- 


This concept of paralleling production and development is successful at 
Melpar because of a wholly-integrated production division and broad 
experience producing a wide range of electronic and electromechanical 
equipments and systems. This method of development and manufacturing 
control permits system monitoring from primary design to completed. 
production, shipment, installation, and field service. 


MELPAR ADDS to its ‘‘quick reaction’”’ capability with extensive produc- 
tion facilities, permitting specialized operations such as dip-brazing, 
printed circuitry, automatic dry screen etching, and electroplating proc- 
esses for base and precious metals—all contributing to the efficiency and 
dependability of Melpar’s production division. 


mean ‘“‘quick reaction” 


For details on provocative job openings in advanced scientific, 
engineering areas, write to: Department I-10, Profes- 
sional Employment Supervisor, 3634 Arlington 
Blvd., Falls Church, Virginia—in historic Fairfax 
Direction finders County, 10 miles from Washington, D. C. 


Fire control systems. 
Microwave components An Arsenal of Technology ar 


wa, soe 
] wv 
.) 7 


Communications equipment VELPAR = inc 


Anal d digi : 
nalog an igital computers A Subsidiary of Westinghouse Air Brake Company 














systems 


ADDRESS 








Automated assembly units f Department T-2 1 
Data handling equipment | MELPAR, INC. | 
| 3634 Arlington Boulevard | 
Satellite electronics | _ Falls Church, Virginia | 
| Please send me a copy of your descriptive brochure, which | 

Reconnaissance equipment | outlines your full capabilities and resources for original concep- | 
| tion, design, and production of complete weapons systems. | 

Ground support equipment NAME 
Detection and identification Ee ic 
l COMPANY. | 
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| ! 




















Sputnik III model on display in Moscow museum. 





SUCCESSFUL SATELLITES 





SATELLITES AND 
SPACE PROBES 
...US AND USSR 
























































Still in 
Orbit on Official Originating Status as of 
March 1, 1960 Name Object Nation Launch Date Launch Site March 1, 1960 
1. 1957 Alpha | war wy! oan 4 Soviet Union | October 4, 1957 Near Caspian Sea Down December 1, 1957 
‘or Sputnik | 
2. 1957 Alpha I! | Sputnik | Soviet Union | October 4, 1957 Near Caspian Sea Down January 4, 1958 
3. 1957 Beta — il we") Soviet Union November 3, 1957 Near Caspian Sea (?) Down April 14, 1958 
“Muttnik’’ 
4. J 1958 Alpha Explorer | United States January 31, 1958 Cape Canaveral Expected to remain in 
orbit until 1962 
5. & 1958 Beta | Rocket body United States March 17, 1958 Cape Canaveral Expected to remain in 
for Vanguard I orbit until 21st century 
6. 2 1958 Beta Il Vanguard | United States | March 17, 1958 Cape Canaveral Expected to remain in 
orbit until 21st century 
7. 1958 Gamma Explorer Ill United States March 26, 1958 Cape Canaveral Down June 28, 1958 
8. 1958 Delta | Rocket body Soviet Union | May 15, 1958 Near Caspian Sea (?) Down December 3, 1958 
for Sputnik Ill 
9. s 1958 Delta 1 utnik tl i i May 15, 1958 Near Caspian $ Expected to remain in 
a *° Sout Gave pitas a ee orbit until March 1960 
10. 1958 Epsilon Explorer IV United States | July 26, 1958 Cape Canaveral Down October 23, 1959 
11. 1958 Zeta Atlas United States | December 18, 1958 Cape Canaveral Down January 21, 1959 
12 * 1959 Alpha I Vanguard Il United States February 17, 1959 Cape Canaveral Expected to remain in 
orbit until 21st century 
13. & 1959 Alpha Il | Rocket body United States | February 17, 1959 Cape Canaveral Expected to remain in 
for Vanguard II orbit until 21st century 
14. 1959 Beta Discoverer | United States | February 28, 1959 Vandenberg AFB Down March 5, 1959 
15. 1959 Gamma Discoverer II United States | April 13, 1959 Vandenberg AFB Down April 26, 1959 
16. a 1959 Del Explorer VI ; A t 7, 1959 Cc Expected to remain in 
59 Delta xplorer United States ugus ape Canaveral eebit until late 1960 
17. 1959 Epsilon | Discoverer V United States | August 13, 1959 Vandenberg AFB Down September 28, 1959 
18. BS 1959 Epsilon I! Discoverer Vv United States | August 13, 1959 Vandenberg AFB In orbit 
apsule 
19. 1959 Zeta Discoverer VI United States August 19, 1959 Vandenberg AFB Down October 20, 1959 
20. ® 1959 Eta Vanguard III United States | September 18, 1959 | Cape Canaveral Expected to remain in 
orbit until 21st century 
21. eo 1959 Thet Lunik 1 i i October 4, 1959 Soviet Uni Expected to remain in 
eta un Soviet Union ober oviet Union Ooo octil bench 1968 
22 2 1959 lota I Explorer VII United States October 13, 1959 Cape Canaveral Expected to remain in 
‘ orbit until 1975 
23. cy 1959 lota Il Rocket body United States | October 13, 1959 Cape Canaveral Exoected to remain in 
for Explorer Vil orbit until 1975 
24. 1959 Kappa Discoverer VII United States | November 7, 1959 Vandenberg AFB Down November 26, 1959 
25. a 1959 Lambda Discoverer VIII United States | November 20, 1959 Vandenberg AFB Expected to remain in 
t orbit until March 1960 
DEEP-SPACE PROBES ‘ 
ORIGINATING LAUNCH LAUNCH STATUS ON 
OBJECT NATION DATE SITE MARCH 15, 1960 SHAPE SIZE WEIGHT REMARKS 
Lunik | Soviet Union | January 2, 1959 USSR In 15-month Sphere Unknown 3,245-Ib. final First successful 
(““Mechta”’ or orbit around the rocket stage; deep-space probe. 
“Dream’’) sun, 797-\b. instrument Aphelion: 123,-. 
package. 250,000 mi. Peri- 
helion: 91,500,- 
000 mi. 
Pioneer IV United States | March 3, 1959 Cape In 13.5-month Cone 20’ long 13.4 Ib. Aphelion: 106,100,- 
Canav- orbit around 9" diameter mi. Perihelion: 
eral the sun. 91,700,000 mi. 
Lunik 1 Soviet Union | September 12, 1959 USSR Impacted moon Sphere Unknown 3,324-Ib. final Hit moon after 
on September rocket stage; traveling 236,876 
13, 1959. 858.4-lb. instru- mi. 
ment package 
Lunik I Soviet Union | October 4, 1959 USSR Now orbiting Ellipsoid | 4.3’ long 3,416-lb. final Photographed far 
earth as 1959 3.9‘ diameter | rocket stage; with side of moon and 
Theta (see 344-Ib. instrument | returned to trans- 
above). package; plus mit photos and 
613-Ib. “Automatic | then orbit earth as 
Interplanetary 1959 Theta (see 
Station.” above). 
Pioneer V United States | March 11, 1960 Cape In 311-day Sphere 26" diameter | 94.8 |b. ‘‘Paddlewheel”’ 
Canav- orbit around with 4 vanes. satellite. 
eral the sun, Aphelion: 93,000,- 
between earth 000 mi. 
and Venus. Perihelion: 74,700,- 
000 mi. 
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The three tables below give a comprehensive 
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icture of all known American 
and Soviet space shots through March 1, 1960. The first summarizes the twenty- 
five objects that have orbited to date. Of these launches, thirteen satellites 
or their rocket bodies are still in orbit, as shown in color. The second table 
summarizes deep-space probes, including moon shots, while the third gives 
launch data and reasons for failure of twenty-four American orbital or space- 
probe attempts. This material has been compiled entirely from unclassified 
sources, and we gratefully acknowledge the assistance of the National Aero- 






























































nautics and Space Administration’s Goddard Spaceflight Center and the Air 
Research and Development Command’s National Space Surveillance Control were 
Center, Hanscom Field, Mass. —Tue Eprrors Payload of the Explorer VI satellite. 
Apogee in Perigee in Period of Weight of 
: Statute Statute Revolution Total Weight Instrumentation 
Shape Size Miles Miles in Minutes in Orbit in Payload Remarks 
_— Cylinder Unknown 590 141 96.2 About 4 tons None Final stage of launch vehicle. 
* 
Sphere 22.8" diameter 588 142 96.17 184 Ib. Unknown History’s first earth satellite. 
Cone 512’ long, 39’ 1,038 140 103.70 1,120 Ib. (with Unknown Contained the dog “Laika.” 
diameter at base third stage) 
Cylinder 80" long, 1,242 216 108.7 30.8 Ib. 18.13 Ib. Discovered Van Allen radiation belt. 
6" diameter 
Bottle 7’ long — 2,684 402 138.2 50 Ib. None Third-stage casing. 
20” diameter 
Sphere 6.4” diameter 2,446 405 133.8 3.25 Ib. 3.25 Ib. Helps determine earth's shape. 
Cylinder 80" long, 1,746 121 115.87 31.0 Ib. 18.56 Ib. Provided data on micrometeorite impacts. 
6" diameter 
Cylinder Unknown 1,167 370 105.9 About 5 tons None Final stage of launch vehicle. 
Cone 11’ 9” long 354 109 91.5 About 3.5 tons 2,925 |b. Heaviest test ve.icle orbited. 
5’ 8” wide at base 
Cylinder 80.39 long 1,380 163 110.27 38.4 Ib. 25.8 Ib. Provided data on radiation belts. 
: 6.25" diameter 
Atlas ICBM 85’ lon 920 110 101.46 4.375 tons 150 Ib. Project SCORE “Talking Atlas’’; beamed 
10’ diameter message from President Eisenhower. 
Sphere 20’ diameter 2,050 347 122.5 20.74 Ib. 20.74 Ib. Weather satellite; 
developed wobbling motion. 
Bottle 7' long 2,279 347 129.6 50 Ib. None Third-stage casing. 
20” diameter 
Cylinder 19.2’ long 605 99 95.9 1,300 Ib. 245 |b. First satellite in polar orbit. 
5‘ diameter 
Cylinder 19.2’ long 220 142 90.5 1,610 Ib. 245 |b. plus Attempt to recover reentry capsule 
5’ diameter 195-lb. capsule | was unsuccessful. 
Spheroid 29” deep 23,980 117 686.2 142 Ib. 142 Ib. “Paddlewheel” satellite; has 4 
with vanes 26" diameter vanes, each 18x18". 
) Cylinder 19.2’ long 450 136 94 1,700 Ib. 38.4 Ib. plus Reentry capsule became 1959 Epsilon II. 
5‘ diameter 300-Ib. capsule * 
Cylinder About 2’ long 1,041 125 103.9 About 300 Ib. Unknown Unrecovered reentry capsule of 
About 3’ diameter Discoverer V. 
Cylinder 19.2’ long 537 139 101.5 1,700 Ib. 150 Ib. Reentry capsule not recovered. 
5’ diameter 
Sphere 20’ sphere and 2,325 315 129.8 100 Ib. 50 |b. Measures magnetic field and conducts 
26" tube X-ray environmental tests. 
Ellipsoid 4.3' long 292,785 25,480 15.5 days 614 Ib. Unknown Photographed moon before returning to 
3.9’ diameter orbit earth (see Lunik II] below). 
Two united | 30” lon 672 346 101.2 91.5 Ib. 70 Ib. Designed for radiation and 
cones 30’ diameter micrometeorite studies. 
Cylinder 5’ lon 671 343 101.2 Unknown None Final stage of launch vehicle. 
6” diameter 
9 Cylinder 19.2’ long 550 104 95 1,700 Ib. 300-Ib. capsule | Reentry capsule could not be separated, 
5’ diameter causing tumbling. 
Cylinder 19.2’ long 427 108 92.2 1,700 Ib. 300-ib. capsule | Capsule ejected but could not be found. 
) 5’ diameter 
seme > ol 
asad 
UNSUCCESSFUL LAUNCHES 
VANGUARD (Test Vehicle 3) VANGUARD (Satellite Launch Vehicle 3) DISCOVERER IV (Reentry Capsule) 
Launched: December 6, 1957. Malfunction in first Launched: tember 26, 1958. Second-stage Launched: June 25, 1959. Though second stage 
———| stage caused loss of thrust and destruction after failure caused vehicle to fall back into atmos- fired, insufficient velocity was believed to have 
two seconds. phere and burn up after apparently making caused failure to achieve orbit. 
be. VANGUARD (Test Vehicle 3 Backup) one complete orbit of the earth. EXPLORER V 
: Launched: February 5, 1958. Faulty connection PIONEER | (Lunar Probe) Launched: July 16, 1959. Vehicle destroyed af- 
i- in first stage caused destruction at 20,000 feet L hed: October 11, 1958. Reentered atmos- ter 5.5 seconds when power to guidance failed. 
. after 57 seconds of flight. phere after reaching altitude of about 70,700 BEACON 
EXPLORER Il miles. Flight time: 43 hours, 17.5 minutes. Launched: August 14, 1959. Payload failed to 
00 Launched: March 5, 1958. Last stage failed to BEACON (inflatable Satellite) orbit because of premature fuel depletion in 
ae ignite. Flight time: 823 seconds. Launched: October 23, 1958. Payload separated booster and malfunction in attitude contro! sys- 
ashe VANGUARD (Test Vehicle 5) from booster before burnout. tem for upper stages. 
Launched: April 28, 1958. Third stage failed to PIONEER II (Lunar Probe) TRANSIT | fg here) 
fire; second and third stages impacted 1,500 Launched: November 8, 1958. Third stage failed Launched: tember 17, 1959. Satellite failed 
76 miles from launch site. to ignite. Reached altitude of 963 miles. Flight to achieve orbit when third stage did not fire. 
VANGUARD (Satellite Launch Vehicle 1) time: 42.4 minutes. PIONEER (Lunar Probe) 
Launched: May 27, 1958. Second-stage engine PIONEER II! (Space Probe) Launched: November 26, 1959. Three-stage At- 
did not cut off properly, causing third stage Launched: December 6, 1958. Discovered second las-Able, designed to put 372-lb. instrument 
far to fly arclike trajectory to peak altitude of radiation band around earth. Reentered atmos- package in lunar orbit, failed apparently be- 
ind 2,200 miles. Third stage traveled 7,500 miles phere December 7, 1958, after 38 hours, 6 min- cause of premature release of protective shroud 
ins- to near coast of South Africa, utes. Reached altitude of 63,580 miles. covering the satellite, after about 45 seconds. 
VANGUARD (Satellite Launch Vehicle 2) VANGUARD (Satellite Launch Vehicle 5) DISCOVERER IX (Reentry Capsule) 
has Launched: June 26, 1958. Second-stage motor Launched: April 13, 1959. Second-stage failure. Launched: February 4, 1960. Successful launch 
vs cut off prematurely. Flight time: about 500 seconds. but vehicle failed to orbit because of a fueling 
THOR-ABLE 1 (Lunar Probe) DISCOVERER Ill (Reentry —— malfunction. __- 
“ Launched: August 17, 1958. Engine failure in Launched: June 3, 1959. stage appar- DISCOVERER X (Reentry a gee 
first stage caused vehicle to blow up. ently fired but tracking stations received no Launched: February 19, 1960. Destroyed by range 
00,- EXPLORER V telemetry, indicating satellite probably did not safety officer 56 seconds after launch at alti- 
launched: August 24, 1958. After successful achieve orbit. tude of 20,000 feet. 
700,- launch and flight time of 659 seconds, orbit VANGUARD (Satellite Launch Vehicle 6) MIDAS | (Early-Warning Satellite) 
: was not achieved because parts of r col- Launched: June 22, 1959. Faulty sec Launched: Peleen 26, 1960. Second stage of 
lided with instrument compartment. pressure valve caused failure at about 90 miles. Atlas-Agena failed to ignite. 
il, 1960 
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THEY 
RELY 
ON 
RADIATION 


For 264,000 bitsasecond 
from Mach 4 sleds 
at Holloman Air Force Base 









































On a 7-mile long track, these sleds tess 
warheads, missiles, airfoils, missile com- ; 
ponents, and human tolerances, transmit- $ 
ting their data to a telemetry building 
which is the intelligence center for track 
operations, There, a digital telemetering 
system receives, translates and processes 
the data. The entire telemetry system— 
from output of the sled-borne transducers 
to computer input-was designed and built 
by Radiation Incorporated. 


The Radiation system has three units: the 
rugged sled package that multiplexes and 
digitizes the data, a Data Collector Group, 
and a Processor Group. Such high-speed, 
rugged telemetry and data systems are 
designed and produced by Radiation for 











*. a variety of missile and space projects. bt 
me RADIATION IS a growing company 
A in space communications. Our business is 
research, development, and production of 
electronic systems and equipment, includ- 
ing radar, antennas, telemetry, data ac- 

quisition and processing, test equipment, sto 

g and related electronic systems. the 

If you'd like more information on Radia- ple 

tion, write for the latest capability report. ari 

Address: Radiation Incorporated, Dept. 

A4, Melbourne, Fla, Radiation’s plants gal 

are at Melbourne and Orlando, Florida; sta 

Mountain View and Palo Alto, California. ma 
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INCORPORATED 


See our display at NAECON, Dayton, Ohio—Booths 1 and 2; ‘also at AFCEA, Washington, D. C.—Booths S-72 and 72 ve 
MAIN OFFICES AND PLANTS ARE LOCATED AT MELBOURNE AND ORLANDO, FLORIDA; MOUNTAIN VIEW AND PALO ALTO, CALIFORNIA. Der 
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OUT FROM THE SUN... 


THE 
SOLAR SYSTEM 





The most splendid and, 





NE of the tribes of ancient India is said to have en- 
visioned the earth as a huge tea tray supported on 
the backs of three giant elephants which in turn 

stood on the shell of an enormous tortoise. We now take 
the more prosaic view that earth is, instead, the third 
planet of a quite ordinary star, located far out on a spiral 
arm of an average galaxy. 

Our galaxy, in turn, is but one of billions of other 
galaxies, some grander, some less so than ours. These great 
star clusters—of such size that even the special yardsticks 
man has devised to measure them and their distances from 
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THOUSANDS OF MILES 


THE SOLAR SYSTEM © THE PLANETS AND THEIR SATELLITES 


The family of planets of our solar system, showing rela- 


tive sizes. Distances from each other are not to scale. 
Details of the planets appear on the following two pages. 


to life on earth, the most important object in the heavens is the sun, whose mass represents 
ninety-nine percent of the mass of the solar system. 


Above, a solar flare, a violent form of sun-spot activity. 


us are all but incomprehensible—make up the vast entity 
we call the universe. 

To us, the most important object in the “tidal pool” of 
the space “ocean” that is our solar system is the sun. Of 
only medium size and brightness as stars go, the sun pro- 
vides the light and heat upon which life on earth is abso- 
lutely dependent. The sun produces this radiant energy 
(which has no material form but does. have mass) by con- 
verting something like 6,000,000,000 tons of hydrogen 
into 596,000,000 tons of helium each second. This process 

(Continued on page 146) 


THE SOLAR SYSTEM 
(NOT TO SCALE) 


VENUS MERCURY 
THE ASTEROID BELT 


Each planet rotates on its own axis as well as revolving 
around the sun. Except for Pluto, whose orbit is inclined 
some 17°, the plane of the solar system is nearly flat. 


Venus at one of closest points 
to earth appears as a crescent. 
Dense cloud cover prevents ob- 
servation of planet’s surface. 


Polar cap, other surface fea- 
tures of Mars show up in this 
photo taken during the planet’s 
latest close approach, in 1945. 
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Jupiter, showing great. red 
spot and atmospheric belts. 
Largest satellite, Ganymede, is 
just visible at upper right. 


Saturn and its ring system. 
Outermost ring has fewer par- 
ticles, appears fainter. The 
atmosphere belts also show. 
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THE SOLAR SYSTEM 


CONTINUED 





Comets, strange objects with little mass but great size, 
travel in highly elongated paths around the sun. Some 
take as much as 50,000 years to complete one orbit. Best 
known comet is Halley’s (above), next due here in 1986. 


produces about 4,000,000 tons of light each second (of 
which four pounds per second reach earth). 

This great solar thermonuclear furnace has been operat- 
ing for some five or six billion years and, having used only 
about ten percent of its entire supply of hydrogen, appears 
good for at least another six billion. 

The nine known planets whose features are summarized 
on the two preceding pages (one more planet, Planet X, 
beyond outermost Pluto, has been hypothesized) move 
around the sun in the same direction and, generally, the 
same plane. They are kept in orbit by the sun’s great gravi- 
tational attraction. Mercury, Venus, our earth, and Mars 
form an inner group of dense, dwarf planets, separated 
from the outer group of huge liquid planets and far smaller 
and denser Pluto by millions of miles and a belt of asteroids. 

More than 2,000 of these asteroids, or tiny planets—some 
no more than “mountains broken loose”—are known. The 
largest, Ceres, is only 480 miles in diameter. It has been 
estimated that as many as 40,000 may exist. Some authori- 
ties believe the asteroids may be the fragmentary remains 
of a planet that once existed between Mars and Jupiter. 

In addition to the planets, their satellites, and the as- 
teroids, the solar system contains comets, meteors, dust, 
and interplanetary gas. Of these, the comets are, perhaps, 
the strangest of all. A French physicist once called comets 





The beauty of a spiral nebula is apparent in this view of 
star cluster in Triangulum, 1,400,000 light-years distant. 
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Nearly edge-on view of “Sombrero” spiral galaxy in Virgo 
constellation shows disc with bulging nucleus made up of 
millions of stars, a configuration not unlike our Milky 
Way galaxy. Dust clouds in the system cause the dark band. 


“visible nothings.” Their number is unknown but very large. 
They have little mass but great size and usually travel 
highly elongated paths around the sun that may take as 
long as 50,000 years for a single orbit. 

The “shooting stars” that can almost always be seen on 
a dark night are meteors—tiny particles that approach earth 
at speeds up to fifty miles a second and vaporize when 
they enter earth’s upper atmosphere. 

Our sun, with its planets and other impedimenta, is but 
one star in the Milky Way galaxy, the total population of 
which has been estimated at up to 100,000,000,000 stars. 
The galaxy is fried-egg shaped, about 100,000 light-years 
wide (each light-year being 5.88 trillion miles) and 5,000 
light-years thick at the “yolk.” 

Our galaxy is only one among billions of others, all 
retreating from one another at speeds up to that of light 
itself, in an “expanding universe.” 

How did this all come about? Three theories are pre- 
valent: 

@ The “evolutionary” or “big-bang” theory suggests 
that about 6,000,000,000 years ago all matter was con- 
centrated in a *superatom” of inconceivably high density 
in a relatively small region of space and that a titanic ex- 
plosion threw matter apart at great speeds. After a 
period of expansion, clusters of galaxies formed which 
have since continued moving apart, as they will continue 
to do throughout eternity. 

@ The “expansion-contraction” theory takes this a step 
further and says the outward expansion will continue but 
at a decreasing rate until mutual gravitational attraction 
reverses the direction. Then the universe will contract to 
form another superatom, when another explosion will start 
the process all over again. 

@ The third theory is the “steady-state” or “continuous- 
creation” theory. It suggests that creation of hydrogen— 
the fundamental stuff of the universe—may be continuously 
going on at a rate matching the expansion of the universe 
so that space is constantly being replenished with new 
matter. In these terms, the total universe had no beginning 
and will have no end, although each individual hydrogen 
atom had a beginning. Further, an observer anywhere in 
the universe would be correct to regard himself at the 
center of the universe, since all else would be receding 
from him at a uniform rate, 

—Ricuarp M. SKINNER 
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Ablation. Melting of nose-cone materials during reentry of 
spacecraft or other vehicles into the earth’s atmosphere at 
hypersonic speeds to dissipate kinetic energy and prevent ex- 
cessive heating of the main structure. 

Abort. In research and development: an uncompleted mis- 
sile flight or an uncompleted hold-down test resulting from a 
failure of equipment or of a system other than the one under- 
going test. In a tactical operation, simulated or real: a missile 
failure either on the ground or in flight; a missile that fails to 
complete a programmed flight. 

Absolute zero. Theoretical temperature at which all thermal 
motion or heat action ceases, approximately —273.16 degrees C, 
—459.69 degrees F, zero degrees K, and zero degrees R. 

Acceleration, Velocity increase or the rate of velocity in- 
crease. In physics, any velocity change—increase or decrease. 

Accelerometer. An instrument that measures one or more 
components of the accelerations of a vehicle. 

-Acid trailer. A trailer used to transport acid fuels or oxidizers. 

Actuating system. A system in a guided or ballistic missile 
supplying and transmitting energy for operation of devices 
within the missile, 

Adapter skirt. Flange or extension of a missile stage or sec- 
tion providing a means of fitting another stage or section to it. 

Additive. A substance added to a propellant to achieve some 
purpose such as a more even rate of combustion. 

Advanced Research Projects Agency (ARPA). Agency of 
Department of Defense sponsoring research in missile defense, 
solid propellants, materials, communications satellites, and 
tracking. 

Aeroballistics. Term derived from aerodynamics and ballis- 
tics, dealing primarily with the motion of bodies whose flight 
path is determined by applying the principles of both sciences 
to different portions of the path. 

Aerodynamic heating. The heating of an aerospace vehicle. 
due to friction of air, significant at high speeds as during re- 
entry. 

Aerodynamic missile, Missile using aerodynamic forces to 
maintain its flight path, generally winged and guided; Snark, 
Matador, and Bomarc are aerodynamic missiles. 

Aerodynamics. Science of motion of bodies relative to the 
air and the forces acting on the bodies, especially in flight 
through the air. 

Aeroembolism. Formation of gas bubbles (principally nitro- 
gen) in body tissues after exposure to low atmospheric pres- 
sure, as in high-altitude flying without benefit of a pressure 
suit or pressurized cabin. Danger to unprotected travelers in 
vacuum of space. 

Aeromedicine. See aerospace medicine. Alternate term for 
aviation medicine or aerospace medicine. 

Aeronautics. Art, science, or business of designing, manu- 
facturing, and operating vehicles that move through the air. 

Aeronomy. Science of the atmosphere of the earth or other 
spatial bodies, especially in respect to properties, motions, 
reactions, and changes in reaction to radiation bombardments 
from space, or its relations to its primary body. 

Aeropause. Upper region of the atmosphere, in which the 
atmosphere ceases to support manned or unmanned flight. 

Aerospace. The earth’s envelope of air and the space above 
it, the two considered as a single realm for activity in the flight 
of air vehicles and the launchings, guidance, and control of 
ballistic missiles, earth satellites, space vehicles, and the like. 

Aerospace craft. An aerospace vehicle. 

Aerospace power. The entire aeronautical and astronautical 
capacity of a nation. 
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Aerothermodynamic border, Area above an altitude of about 
100 miles, where the atmosphere becomes so rarefied that there 
is no longer any significant heat-generating air friction on the 
skin of vehicles. : 

Aerothermodynamics. Branch of thermodynamics that treats 
of mechanical actions or relations of heat generated by fric- 
tion between air particles and a moving body. 

Afterbody. A companion body that trails a satellite, or an 
unprotected section, or piece of a ballistic missile that reenters 
the atmosphere behind the nose cone or other body protected 
for reentry. 

Afterburning. Characteristic of some rocket engines to burn 
irregularly after main burning and thrust have stopped. 

Agena. Second stage of Air Force Discoverer vehicle, con- 
taining payload, all of which is designed to attain orbit, 

Agravic. Unaffected by gravitation. Weightless. 

Aimed missile. Missile aimed on its launcher so as to attain 
a desired trajectory, but not guided during flight. Unguided 
missile. 

Air. The mixture of gases in the earth’s atmosphere. The 
element that gives lift to aircraft. 

Air breakup. Destruction of a vehicle by aerodynamic forces 
on its reentry into the atmosphere, sometimes deliberately done 
to retard fall of certain pieces and aid in recovery of records 
and instruments. 

Air-breathing missile. Missile with an engine requiring in- 
take for air combustion of its fuel, contrasted with a rocket- 
propelled missile carrying its own oxidizer and operable be- 
yond the atmosphere. 

Aircraft rocket. Rocket-powered missile carried by, and 
launched from, an aircraft, guided or unguided. 

Air drag. Drag exerted by air particles on a moving object, 
as an aircraft or rocket moving through the air, or on an arti- 
ficial satellite that comes within the upper reaches of the 
atmosphere during orbit. 

Air Force Ballistic Missile Division (AFBMD). Division of 
Hq. ARDC located at Inglewood, Calif. Responsible for re- 
search, development, and initial operational capability of Air 
Force intercontinental- and intermediate-range ballistic missiles. 

Airframe. Assembled structural and aerodynamic components 
of an aircraft or missile. 

Airglow. Nighttime luminescence of the sky caused by the 
upper atmospheric release of energy absorbed from the sun 
during the daylight hours. 

Air-launched ballistic missile (ALBM). A ballistic missile, 
generally utilizing a solid propellant, carried aloft and launched 
from an aircraft. 

Air Research and Development Command (ARDC). A United 
States Air Force major air command at Andrews AFB, Md., 
conducting research and development on Air Force aerospace 
weapon systems and equipment, 

Air-to-air missile (AAM). Missile launched from an aircraft 
at an air target. 

Air-to-surface missile (ASM). Missile launched from an air- 
craft at a surface target. 

Air-to-underwater missile (AUM). Missile launched from an 
aircraft toward an underwater target. 

Albedo. The ratio of light reflecting from an unpolished sur- 
face to the light falling upon it. Term is used in reference to 
light reflected from the moon or planets. 

ALBM. Air-launched ballistic missile. 

Alcohol. Ethyl alcohol (C2 Hs OH) or methyl alcohol (CHs 
OH), used with liquid oxygen as a bipropellant. 

Alga (usually plural, algae). Unicellular and multicellular 
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plants considered as a potential source of food in a closed 
ecological system for space vehicles. 

Alpha Centauri. Star in the constellation Centaurus, seen in 
the Southern Hemisphere, about as near to our sun as Proxima 
Centauri, some 4.8 light-years distant. Alpha Centauri is the 
third brightest star in the heavens. 

Alpha particle. The nucleus of a helium atom. 

Ambient conditions. Environmental conditions such as pres- 
sure or temperature. 

Anacoustic zone. Zone of silence in space, The region of 
altitude where distances between rarefied air molecules are 
so great that sound waves are not propagated. 

Angstrom unit. Unit for measuring the wave length of light, 
equal to one hundred-millionth of a centimeter. 

Anhydrous. Free of water. 

Aniline. Liquid compound C. Hs NHz used as a rocket fuel. 

Anoxia. An absence of oxygen in the blood cells or tissues of 
the body; hazard of high-altitude flight without protective 
oxygen equipment. 

Antiatom. Postulated elemental particle consisting of a nega- 
tive nucleus with positive electrons in orbit. The atom of the 
known world consists of a positive nucleus with negative elec- 
trons in orbit. 

Antigravity or antigravitation. A still-to-be-discovered energy 
field or technique to cancel or reduce gravitational effects. 

Anti-G suit. A tight flying suit that covers parts of body 
below the heart, designed to retard the flow of blood to the 
lower body in reaction to acceleration or deceleration, An 
antiblackout suit. Bladders or other devices may be used to 
inflate and increase body constriction as G force increases. 

Antimatter. Matter theoretically considered to exist, consist- 
ing of antiatoms, 

Antimissile missile. Now-hypothetical defensive missile 
launched to intercept and destroy other missiles in flight. 

Aphelion. Point on an elliptical orbit around the sun which 
is farthest from the sun. 

Apogee. Point on an elliptical orbit (of the moon or artificial 
satellite) around the earth which is farthest from the earth. 

APU. Auxiliary power unit. 

Aral’sk. Russian town some seventy miles southwest of a 
space-probe launch site, located in Kazakh Republic. 

Area defense. Defense against air or missile attack designed 
to protect a large area surrounding the specific target such as 
a city or base rather than the target point alone. 

Argon. A colorless, odorless, and inert gaseous element, com- 
prising nearly one percent of air, 

Argus theory. Theory that a shield of radiation placed above 
the earth’s atmosphere would burn up incoming nuclear war- 
heads or make infrared targets of them. 

Arming. Process of changing a fuze or warhead from a safe 
condition to a state of readiness for initiation. 

Arming signal. Radio signal for arming a warhead. 

Army Ballistic Missile Agency (ABMA). An agency of the US 
Army with missile research and development facilities at 
Huntsville, Ala. 

Army Rocket and Guided Missile Agency (ARGMA). Army 
research agency for development of rockets and guided missiles 
at Huntsville, Ala. 

ARPA. Advanced Research Projects Agency. 

Artificial gravity. Proposed system to simulate gravity by 
rotating a cabin about the longitudinal axis of a spacecraft. 

Asteroid, or minor planet. The many thousands of small 
bodies revolving around the sun, mainly between the orbits of 
Mars and Jupiter. Ceres, the largest known, is 480 miles in 
diameter. 

Astrionics. Electronics as applied to astronautics, — 

Astro. Prefix meaning “star” used as combining form, as in 
astrobiology. 

Astrobiology. Branch of biology concerned with the discovery 
or study of life on other planets. 

Astrogation. Navigating in space. Astronavigation. 

Astronaut. One who flies or navigates through space. 

Astronautics. The art or science of designing, building, and 
operating space vehicles. 

Astronavigate, To guide and direct a spacecraft from within 
the vehicle, by means of observations on celestial bodies. 

Astronomical unit. Mean distance of the earth from the sun, 
equal to 92,907,000 miles. 
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Astronomy. Oldest of the sciences. Treats of the celestial 
bodies, their magnitudes, motions, constituents, location, etc. 

Astrophysics. The study of the physical and chemical nature 
of celestial bodies and their environs. 

Astrotracker. A star tracker. 

Atlantic Missile Range (AMR). A 5,000- to 6,000-mile in- 
strumented range for testing ballistic and guided missiles located 
between Cape Canaveral, Fla., and a point beyond Ascension 
Auxiliary AFB, near the middle of the South Atlantic. 

Atmosphere. The body of air surrounding the earth; also, 
the body of gases surrounding or comprising any planet or 
other celestial body. 

Atmospheric braking. Action of atmospheric drag in decel- 
erating a body approaching a planet; can be deliberately used 
where sufficient atmosphere exists, to reduce velocity before 
landing. ‘ 

Atmospheric flare. Projection beyond the upper limits of the 
normal atmosphere. Comparable to a solar flare. 

Atmospheric refraction. Refraction of light from a distant 
point by the atmosphere, caused by its passing obliquely through 
varying air densities. 

Atomic rocket. Projected rocket engine in which energy for 
the jet stream would be generated by atomic fission or fusion. 

Attenuation. Diminution of effectiveness of an emission of 
radiant energy, such as a radio signal, caused by distance or 
passage of the emitted wave through the exhaust flame of the 
rocket engine, etc. 

Attitude. Orientation of an air vehicle as determined by the 
inclination of its axis to a frame of reference, usually the earth. 

Attitude control system. System within the flight-control sys- 
tem to maintain the desired attitude of a vehicle. 

Attitude jets. Sometimes called steering jets, attitude-control 
jets, or roll, pitch, and yaw jets; fixed or movable gas nozzles on 
a rocket, missile, or satellite operated continuously or intermit- 
tently to change the attitude or position either in the atmos- 
phere or in space. 

Auntie. Slang for antimissile missile, 

Aurora. Commonly known as northern and southern lights; 
high-altitude airglow caused by solar particles, predominantly 
protons, moving as charged particles in the earth’s magnetic 
field and interacting with the earth’s atmosphere. 

Auto-igniting propellant. Any propellant that ignites at room 
temperature with a small time delay. 

Auto-ignition temperature. The temperature at which com- 
bustible materials ignite spontaneously in air. 

Avionics. Contraction of aviation electronics. 

Azusa system. Launch site tracking system developed by 
Convair for measuring missile velocity and position during 
early flight of the missile. 


Backout. Reversing the countdown sequence because of the 
failure of a component in a missile or a hold of unacceptable 
duration. 

Backup. Designed to come along closely behind an earlier 
missile system or project to complement the latter or take ad- 
vantage of techniques and processes learned on the earlier 
development. 

Ballistic missile. Any projectile, guided during powered flight 
in the upward part of its trajectory that becomes, usually after a 
successive loss of fallaway sections, a free-falling or ballistic 
body after fuel cutoff. 

Ballistic Missile Division. Air Force Ballistic Missile Division. 

Ballistic Missile Early Warning System (BMEWS). Electronic 
system to provide detection and early warning of attack by 
enemy intercontinental ballistic missiles, supplementing the 
present Distant Early Warning (DEW) Line built across the top 
of the continent to warn against bomber attack. 

Ballistic Missiles Center, An office of Hq. Air Materiel Com- 
mand at Inglewood, Calif., providing logistics support for 
specified missiles. 

Ballistics. Science of the motion, behavior, appearance, or 
modification of missiles or other vehicles as they are acted upon 
by propellants, wind, gravity, temperature, or any other modi- 
fying substance, condition, or force. 

Ballistic trajectory. The curved portion of a missile trajectory 
traced after the propulsive force is cut off and the body is 
acted upon only by gravity, aerodynamic drag, and wind. 

(Continued on following page) 
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Balloon-type missile. A missile that requires the pressure of 
its propellants (or substitute gases) within it to give it structure 
integrity. Atlas is an example. 

Barber chair. An adjustable type of seat that can quickly 
position the occupant from an upright seated position to a su- 
pine or semisupine position to increase tolerance to high ac- 
celeration. 

Beam-rider guidance. A scheme of guidance in which the 
missile follows a radar beam to the target by means of onboard 
computers and controls sensitive to radar beams. 

Beast. Familiar term for a large rocket. 

Bends. Acute pain and discomfort in the arms, legs, and 
joints resulting from the formation of nitrogen and other gas 
bubbles in body tissues and fluids, caused by exposure to re- 
duced barometric pressure. 

Beta rays. Electrons given off by radioactive atoms. 

Binary star, Two stars revolving around a common center of 
gravity. 

Bioastronautics. Study of the effects of astronautics upon 
animal or plant life. 

Biodynamics. Study of forces acting upon bodies in motion 
or in the process of changing motion, as they affect living 
beings. 

Biomedicine. Combined discipline of biology and medicine 
for analysis of human tolerances to and protection against en- 
vironmental variances. 

Biopak. Container for housing a living organism in a habit- 
able environment and to record biological functions during 
spaceflight, 

Biosatellite. Satellite designed to carry an animal (as man) 
or plant. 

Biosphere. That part of the earth and its atmosphere in which 
animals and plants live. 

Bipropellant. A rocket propellant consisting of two unmixed 
or uncombined chemicals (fuel and oxidant) fed to the com- 
bustion chamber separately. 

Bird. Figurative name for a missile or earth satellite, 

Black box. Electronic unit, as a robot pilot, that may be 
mounted in, or removed from, a missile or the like as a single 
package. Module. 

Blastoff. Missile launch. Slang. 

Blockhouse. Heavily reinforced building, to withstand blast 
and heat, housing electronic controls and equipment for ‘pre- 
paring and launching a missile. 

Blowoff. Separation of a section from the remainder of the 
rocket vehicle by application of explosive force for purposes 


of retrieving instruments after they have collected required 


information: 

Boattail. Rear section of a ballistic body, sometimes tapered 
but squared off at the end, and serving as the base of the mis- 
sile during launch. 

Boiloff. Vaporization of a cold propellant such as liquid 
oxygen or hydrogen as the propellant mass rises to higher tem- 
peratures because of exposure to ambient conditions through 
walls of the missile tank or other uninsulated containers. 

Boost. Rocket propulsion, either by solid or liquid propellants, 
during the initial climb, the liftoff, and the first phase of pro- 
pelled flight of a missile. 

Booster. Propulsion unit used in initial stage of flight. 

Booster engine. An engine, especially a booster rocket, that 
adds thrust to the thrust of the sustainer engine, or provides 
propulsion for a special phase of flight. 

Boost-glide vehicle. A rocket-boosted winged vehicle capable 
of leaving the atmosphere and reentering under aerodynamic 
control in low-angled unpowered gliding maneuvers. 

Boron or boron hydride, High-energy fuel with a high specific 
impulse. 

Braking ellipses. A series of orbital approaches to the earth’s 
or any other planet’s atmosphere for the purpose of slowing 
a rocket preparatory to landing. 

Breakoff phenomenon. Feeling during high-altitude flight of 
being totally detached from earth and human society. 

Brehmsstrahlung (German: brake radiation). Radiation of 
energy from charged particles after they have been decelerated 
or retarded, as in the case of atomic particles entering the earth’s 
atmosphere, slowed down by collision with air particles. 
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Brennschluss (German: combustion termination). Cessation of 
fuel burning in a rocket, resulting from consumption of the 
propellants, from deliberate shutoff or other cause. 

Bubble colony. Colony of persons placed on the moon or 
other spatial body provided with individual or group environ- 
mental capsules. 

Burnout. Point in time or in the missile trajectory when 
propellant is exhausted or its flow cut off. 

Burnout velocity. The velocity attained at the time the pro- 
pellant is exhausted or fuel cutoff occurs. 


Can. A shield or container for a missile, by which environ- 
ment can be controlled. 

Canopus. The second brightest star in the heavens, a star in 
the constellation Argo. 

Cape Canaveral. Cape on the East Coast of Florida, the site 
of Cape Canaveral Auxiliary AFB, used as laboratory for 
launching missiles and/or space vehicles. The Air Force Mis- 
sile Test Center operates launching site. Officially known as the 
Atlantic Missile Range. . 

Capsule. Sealed, pressurized cabin with an acceptable en- 
vironment, usually for containing a man or animal for ex- 
tremely high-altitude flights, orbital spaceflight, or emergency 
escape. 

Captive firing. Test firing of a complete missile where all 
or any part of the propulsion system is operated at full or partial 
thrust while the missile is restrained in the test stand. 

Capture. Of a central force field, as of a planet; to overcome 
by gravitational force the velocity or centrifugal force of a 
passing body and bring the body under the central force field’s 


‘control, in some cases absorbing its mass. 


Cardiovascular reactivity. The response and function of heart 
and blood vessels to various types of stress, such as exercise, 
acceleration, heat, and cold. 

Carrier rocket. A rocket vehicle used to carry something, as 
in the “carrier rocket” of the first artificial earth satellite. 

Cavitation. Rapid formation and collapse of vapor pockets 
in a flowing liquid under very low pressures, a frequent cause 
of structural damage to rocket components. 

Celestial. Pertaining to the sky or universe. 

Celestial guidance. Onboard guidance of a missile or vehicle 
by reference to celestial bodies. 

Celestial mechanics. Branch of astronomy concerned with 
the laws governing the motions of heavenly bodies, natural and 
now man-made also. 

Celestial navigation, Onboard navigation using the celestial 
bodies for reference; celestial guidance. 

Celestial sphere. Imaginary sphere of infinite radius, assumed 
for navigational purposes, the center of which coincides with 
the center of the earth, 

Centaur. Projected rocket test vehicle to consist of a modified 
Atlas as the first stage, a liquid-oxygen and hydrogen second 
stage. 

Center of mass. Commonly called center of gravity, the point 
at which all the given mass of a body or bodies may be re- 
garded as being concentrated as far as motion is concerned. 
(The center of mass in the earth about which the moon revolves 
is not at the same point as the center of mass of the two bodies 
as they revolve about the sun.) 

Central force field. Gravitational or electromagnetic field 
that attracts and limits behavior of surrounding objects or 
particles. 

Centrifugal force. Force away from the center of rotation. 

Centrifuge. A large motor-driven apparatus with a long ro- 
tating arm at the end of which human and animal subjects or 
equipment can be revolved at various speeds to simulate ac- 
celerations encountered in high-performance vehicles. 

Centripetal force. A force which is directed toward the center 
of rotation, 

Chamber pressure. The pressure of gases within a firing 
chamber. 

Characteristic length. In propulsion, the ratio of the cham- 
ber volume to its nozzle throat area. A measure of the length 
of travel available for the combustion of propellants. 

Charge spectrum. The range and magnitude of electric 
charges with reference to cosmic particles at a certain altitude. 
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Checkout. A sequence of operational and calibrational tests 
seded to determine the condition and status of a weapon 


stem. 

Chemical fuel. A fuel depending upon an oxidizer for com- 
ustion or for development of thrust, such as liquid or solid 
ocket fuel, jet fuel, or internal-combustion engine fuel. Dis- 
nguished from nuclear fuel. 

Chemosphere. A stratum of the atmosphere marked for its 
hotochemical activity. By some meteorologists the chemo- 
phere is considered to be an extension of the stratosphere. 
Chlorate candles. Usually, a mixture of solid chemical com- 
ounds which, when ignited, liberates free oxygen into the air. 
Chromosphere. One of the atmospheric shells of the sun, ly- 
ng above the photosphere and best visible at time of total 
‘ipse; can be observed spectroscopically at other times. 
Chuffing. The characteristic of some rockets to burn inter- 
ittently with an irregular puffing noise. 

Circular error probable (CEP). An indicator of the accuracy 
f a missile; used also as a factor in determining the probable 
amage to a target. 

Circular velocity. Critical velocity at which a satellite will 
ove in a circular orbit around its primary, a special case of 
rbital velocity. 

Circumplanetary space. Space relatively close by a planet, 
specially the space close by the earth, including the outer 
aches of the atmosphere. 

Cislunar space. Space around the earth beyond the outermost 
eaches of the terrestrial atmosphere and within the orbit of 
e moon, 

Closed ecological system, A system providing for the body’s 
etabolism in a spacecraft cabin by means of a cycle wherein 
xpired gases and body wastes are reconstituted into oxygen, 
ater, and food. 

Closest approach. The place or time at which two planets 
re nearest each other as they orbit about the sun. 

Cluster. Two or more rocket engines bound together so as 
) function as one propulsive unit. 

Coasting flight. The flight of a rocket missile or other vehicle 
tween burnout or thrust cutoff of one stage and ignition of 
nother, or between final burnout and summit altitude or maxi- 
um range. Also the unpowered portion of an interplanetary 
ight. 

Cold-flow test. Test of a liquid rocket without firing to check 
ficiency of a propulsion subsystem that provides for the con- 
itioning and flow of propellants, including tank pressurization, 
ropellant loading, and propellant feeding. 

Combustible. Any material or structure which can burn. A 
lative term; many materials will not burn in one state but 
‘ill in another. For example, steel wool will burn, structural 
teel will not. 

Comet, One of many loose bodies of gases and solid matter 
evolving around the sun. 

Command destruct. Remote control system which destroys a 
ight-borne missile, actuated on command of the range safety 
ficer whenever performance degrades enough to be a safety 
azard. 

Command guidance. The guidance of a missile or vehicle by 
ndio command or by wire. 

Companion body. A nose cone, last-stage rocket, or other 

dy that orbits along with an earth satellite. Afterbody; falla- 
ay section. 

Conic section. A curve formed by the intersection of a plane 
nd a right circular cone. The conic sections are circular, ellip- 
¢, parabolic, or hyperbolic; curves that are used to describe 
ie paths of bodies moving in space. 

Conjunction. The passing of two or more celestial bodies 

the same degrees of the zodiac. Inferior conjunction is when 

e planet is between the earth and the sun; superior conjunc- 
ion is when the sun is between the earth and the planet. 

Console. Master instrument panel from which rocket and 
issile launchings and tests are controlled: 

Constellation. Any one of the arbitrary groups of fixed stars, 
me ninety of which are now recognized. A division of the 
eavens in terms of any one of these groups. 

Contraorbit. missile. Missile sent backward along the calcu- 
ited orbit of a space vehicle. 

Controlled environment. Environment in which matters such 
s humidity, pressure, temperatures, etc., are under control. 
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Controlled leakage system. A system that provides for the 
body’s metabolism in an aircraft or spacecraft cabin by a con- 
trolled escape of carbon dioxide and other waste from the 
cabin, with replenishment provided by stored oxygen and food. 

Controller. Device which receives. a measured value of a 
variable from a sensor, compares that value with some refer- 
ence value, and supplies a control signal to a control element 
to maintain the value of the variable within a certain range 
about the reference value. 

Control rocket. A vernier rocket, retrorocket, or other such 
rocket, used to guide, accelerate, or decelerate a ballistic mis- 
sile, spacecraft, or the like. 

Control system. A system in a missile that serves to maintain 
attitude stability during powered flight and to correct deflections 
caused by gusts or other disturbances. 

Coriolis effect. Deflection of a body in motion due to «the 
earth’s rotation, diverting horizontal motions to the right in 
the Northern Hemisphere and to the left in the Southern 
Hemisphere. 

Cosmic rays. Extremely fast particles continually entering 
the upper atmosphere from space which have very great ener- 
gies because of enormous velocities; potentially dangerous to 
humans experiencing extended exposure. 

Cosmos. Totality of the observed and postulated physical 
universe. 

Countdown. Series of numbered events and checks that take 
place from the start of rocket-launching operations until the 
rocket lifts off the launch stand. 

Courier. An ARPA project to develop a capability for a de- 
layed communication repeater for use in a satellite. 

Creep. Property of a metal which allows it to be permanently 
deformed when subjected to a stress. Accelerated at elevated 
temperatures. 

Cryogenic fuel. A rocket fuel that either in itself is kept at 
very low temperatures or combines with an oxidizer kept 
at very low temperatures. 

Cryogenics. The science of low-temperature conditions. 

Cutoff. The shutting off of a liquid or solid-propellant com- 
bustion process of a rocket engine, causing a rapid drop toward 
zero thrust. 

Cycle checkout. The periodic action of giving a complete 
physical checkout on missiles held in alert. status. 


Deceleration. Negative acceleration (slowing down). 

Declination. In astronomy and celestial navigation, the an- 
gular distance of a celestial equator measured through ninety 
degrees and named “north” or “south” as the body is north or 
south of its celestial equator measured on an hour circle. 

Decompression sickness. A disorder in deep-sea divers and 
aviators caused by reduced barometric pressure and evolved 
gas bubbles in the body, marked by pain in the extremities, 
occasionally leading to severe central nervous system and 
neurocirculatory collapse. 

Deimos. The outer of the two moons of Mars. 

Deluge collection pond. Facility at launch site into which 
water used especially to cool the flame deflector is flushed as 
the rocket begins its ascent. Also called a “skinner basin.” 

Destruct. Deliberate destruction for safety reasons of a,rocket 
missile after it has been launched, but before it has completed 
its course, 

Destruct line. Graphic representation drawn on a geographi- 
cal map to show the boundary which a missile must not cross 
during flight. A missile which starts beyond the destruct lines 
on either side is immediately destroyed. 

Detonation. Extremely rapid reaction in which an oxidizer 
and fuel combine with large evolution of heat. A high-order 
detonation, or “true detonation,” proceeds with very high 
speed, generally several thousand feet per second. 

Discoverer. Air Force Ballistic Missile Division series of 
launchings from Vandenberg AFB, Calif., of payloads into 
polar orbits to obtain data on maneuverability, attitude con- 
trol, recovery, etc. 

Diversionary missile. A missile decoy. 

Doppler drift. The drift of a missile as determined through 
use of Doppler principle by means of radar. 

Doppler principle, A principle of physics that, as the dis- 
tance between a source of constant vibrations and an observer 

(Continued on following page) 
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diminishes or increases, the frequencies appear to be greater or 
less. 

Doppler radar. Radar that measures the velocity of a moving 
object by measuring the shift in carrier frequency of the return 
signal, the shift being proportional to the velocity with which 
the object approaches or recedes from the radar station. 

Doppler shift. A shift of a luminous body’s lines in a spect- 
rum toward the red indicating an increase in distance. 

Downrange. In a direction -away from the launch site and 
along the line of a missile test range. 

Down the slot. Vernacular expression for successful flight of 
a missile down the test range and within the limits established 
by range safety personnel. 

Drag. Aerodynamic force in a direction opposite to that of 
flight and due to the resistance of the body to motion in air. 

Dry-fuel rocket. A solid-fuel rocket that uses a mixture of 
fast-burning powder. Used especially as a booster rocket. 

Dry weight. Weight of a rocket vehicle without its fuel. 

Dual thrust. Thrust derived from two propellant grains using 
the same propulsion section of a missile. 

Dyna-Soar. Projected manned orbital glider or bomber under 
USAF study. 

Dyne. Unit of force that will accelerate a particle having a 
mass of one gram one centimeter per second per second. 

Dysbarism. A general term which includes a complex variety 
of symptoms within the body caused by changes in ambient 
barometric pressure, exclusive of hypoxia. Characteristic symp- 
toms (other than hypoxia) are bends and abdominal gas pains 
at altitudes above 25,000 to 30,000 feet. Increased barometric 
pressure, as in descent from high altitude, is characterized by 
painful distention of the ear drums and sinuses. 


Earth fixed reference, An oriented system using some earth 
phenomena for positioning. 

Ebullism. Formation of bubbles, with particular reference 
to water vapor bubbles and the boiling effect in body fluids 
‘caused by reduced barometric pressure. 

Eccentricity. The degree of deviation from a circular orbit. 

Ecliptic. Plane of the earth’s orbit around the sun, used as 
a reference plane for other interplanetary orbits. Also the name 
for the apparent part of the sun through the celestial sphere. 

Ecosphere. Spherical extent inhabited by living organisms 
or suitable for life of such organisms. Also, layer of space about 
the sun extending from and including Venus through Mars. 

EDP center. Electronic data-processing center, 


Effective atmosphere. That part of the atmosphere which . 


effectively influences a particular process of motion, such as 
aerodynamic support, or air friction, its outer limits varying ac- 
cording to the terms of the process of the motion considered. 

Effective exhaust velocity. The velocity of an exhaust stream 
after the effects of friction, heat transfer, nonaxially directed 
flow, and other conditions have reduced it. 

Effector. The mechanical means of maneuvering a missile 
during flight, an aerodynamic surface, a gimbaled motor, or 
an auxiliary jet. 

Egads button. Button used by range safety officer to destroy 
a missile in flight if its plotted course is predicted to go beyond 
destruct line. 

Electric engine. Projected ion or plasma engines, so named 
because of the separation of charged particles. 

Electrojet. Current sheet or stream moving in an ionized layer 
in the upper atmosphere. Electrojet move around the equator 
following the subsolar point and also in polar regions where 
they give rise to auroral phenomena; generally caused by solar 
activity, 

Electromagnetic wave. Form in which radiant energy travels, 
produced by oscillation of an electric charge, and including 
waves of radio, infrared, visible light, ultraviolet light, X-rays, 
gamma rays, cosmic rays, when considered as quanta of energy. 

Electrons. High-speed, negatively charged particles forming 
outer “shell” of atom. 

Ellipse. A curve described about two fixed points (the foci) 
so that the sum of the distances between any point on the 
curve and foci is equal to the sum of the distance between any 
other point on the curve and foci. Paths of planets in solar sys- 
tem are elliptical. 
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Emissivity. The term for relative power (of a surface of 
a material composing a surface) tc emit heat by radiation, 

Engine. The powerplant of a vehicle. : 

Ephemeris. Book of tables giving daily positions of celestial 
bodies. 

Erector launcher. A mobile equipment that erects a missile 
onto launching position, then serves as a launcher. 

Escape. To achieve a sufficient velocity outward from a prim- 
ary body, as earth, so as neither to fall back to the body nor 
to orbit it. 

Exhaust stream. The stream of gaseous, atomic, or radiant 
particles that emit from the nozzle of a rocket or other reac 
tion engine. 

Exhaust velocity. The velocity of gases that exhaust through 
the nozzle of a rocket engine or motor relative to the nozzle, 

Exosphere. The outermost fringe or layer of the atmosphere, 
where collisions between molecular particles are so rare that 
only the force of gravity will return escaping molecules to the 
upper atmosphere. 

Exotic fuel. New fuel combinations under study and develop- 
ment for aircraft and rocket use with the purpose of attaining 
far greater thrusts than now possible. 

Explorer. Any of the earth satellites launched under the re- 
search and development program of the Army Ballistic Missile 
Agency or under programs of the National Aeronautics and 
Space Administration, 

Exterior ballistics. That branch of ballistics concerned with 
the behavior of a missile during flight, influenced by conditions 
of air density, temperatures, velocity, and the like. Sometimes 
called “external ballistics.” 

Extragalactic nebulae. Star systems outside our own galaxy. 


Fallaway section. Any section of a rocket vehicle that is cast 
off and falls away from the vehicle during flight, especially such 
a section that falls back to earth. 

Final trim. Action in the flight of a ballistic missile that ad- 
justs it to the exact direction programmed for its fight, normally 
accomplished by use of vernier engines. 

Fin-stabilized. Directional stability of a projectile obtained 
by placement of fixed or adjustable airfoils on the airframe. 

Firing Chamber. Chamber in rocket engine in which the fuel 
and oxidizer are ignited, and in which pressure of gases is 
built up to provide an exhaust velocity sufficient for thrust. 

First motion. First indication of motion of the missile or test 
vehicle from its launcher. Synonymous with “takeoff” for verti- 
cally launched missiles. 

Fission. The release of nuclear energy through splitting of 
atoms. 

Flame bucket. Opening built into the pads of some rockets 
into whieh the hot gases of the rocket pour as thrust is built up. 

Flight readiness firings (FRF), Missile system tests of short 
duration conducted with the propulsion system operating while 
the missile is secured to the launcher. 

FPS. Feet per second. 

Free fall. The motion of any unpowered body traveling in 
a gravitational field. 

Free-flight trajectory. That part of a ballistic missile’s tra- 
jectory that begins with thrust cutoff and ends at reentry. 

Freeze-out method. A method for controlling the composition 
of gases or liquids by freezing and separating frozen matter 
from the remaining liquids or fluids. 

Fuming nitric acid. A highly concentrated solution of nitric 
pentoxide (N.O;) in water, red, brown, or white in color, and 
more active than the clear nitric acid, sometimes used as an 
oxidizer in a rocket engine. 

Fusion. The combining (fusing) of atoms to release energy. 


G or G-force. The measure or value of the gravitational pull 
of the earth as modified by the earth’s rotation, equal to the 
acceleration of a freely moving body at the rate of 32.16 feet 
per second per second. 

Galaxy. Spiral system of stars; our galaxy, a disc-shaped 
aggregation of stars called the Milky Way, includes the solar 
system, far out on one of its spiral arms. 

Gamma radiation. Electromagnetic radiation similar to X-rays 

(Continued on page 155) 
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originating from the nucleus, having a high degree of penetration. 

Gantry. Crane-type structure, with platforms on different 
levels, used to erect, assemble, and service large rockets or mis- 
siles; may be placed directly over the launching site and rolled 
away just before firing. 

Gasoline. A hydrocarbon fuel used as a bipropellant with 
liquid oxygen. 

Gegenschein. Faint light area of the sky always opposite 
the position of the sun on the celestial sphere. Believed to be 
the reflection of sunlight from particles moving beyond the 
earth’s orbit. 

Geocentric. Relating to or measured from the center of the 
earth; having, or relating, to the earth as a center. 

Geodesy. The science which treats mathematically of the 
figure and size of the earth. 

Gimbaled motor. A rocket motor mounted on a gimbal, i.e., 
on a contrivance having two mutually perpendicular axes of ro- 
tation, so as to obtain pitching and yawing correction moments. 
Goddard, Robert H. American rocket pioneer. 

Goddard Space Flight Center (GSFC). NASA research center 
t Greenbelt, Md. 

Goldstone tracking facility. A radio telescope located at 
Army's Camp Irwin in Barstow, Calif. 

Go-no-go. A missile launch controlled at the end of the 
countdown as to permit an instantaneous change in decision on 
whether to launch or not to launch. 

GOX, Gaseous oxygen. 

Grain. Body of a solid propellant used in a rocket fashioned 
0 a size and shape to burn smoothly without severe surges or 
etonations. 

Gravireceptors. Specialized nerve endings and organs in 
keletal muscles, tendons, joints, and in the inner ear, furnishing 
nformation to the brain on body position, equilibrium, the 
irection of gravitational forces, and sensation of “up” and 
down.” 

Gravisphere. Spherical extent in which the force of a given 
lestial body’s gravity is predominant in relation to that of 
ther celestial bodies. 

Gravitation. Force of mutual attraction between all matter 
n the universe. Varies directly as the product of the bodies’ 
asses, and inversely as the square of the distance between 
em. 

Gravity. Force of gravitation which tends to pull bodies 
oward the center of mass of the earth, giving them weight. 

Gravity well. Analogy in which the gravitational field is 
ronsidered as a deep pit out of which a space vehicle has to 
limb to escape from a planetary body. 

Gross error. A missile strike at such distance from the target 
is to do no useful damage. 

Ground start. A propulsion starting sequence through igni- 
ion to main stage which is initiated and cycled through to com- 
bletion on the ground. In large rocket vehicles this ground start 

commonly effected from pressurized propellant tanks external 
o the missile. 

Ground-support equipment. All ground equipment that is 
bart of the complete weapon system and that must be furnished 
0 ensure complete support of the weapon system. 

Ground-to-ground. Of a missile: launched from the surface 
0 strike at a target on the surface. 

G-tolerance. A tolerance in a person or other animal, or of a 
biece of equipment, to G-force of a particular value. 

Guidance. The effect on a missile or vehicle that moves it 

a desired direction, in response to controls exercised by a 
tson inside the vehicle or by a preset or self-reacting auto- 
atic device within it, or by an onboard device reacting to out- 
ide signals. 

Guided aircraft missile. A type of self-propelled missile, 
ormally carried by a parent aircraft, which after launching can 
e guided to surface targets. 

Guided aircraft rocket. A type of self-propelled armament 

tied by aircraft for attack on airborne targets, and which 
fter launching can be guided to the target. 

Guided missile. An unmanned vehicle moving above the 
arth’s surface whose trajectory or flight path is capable of 
ting altered subsequent to launch, or substantially throughout 











ala Pt. as distinguished from a ballistic missile. 
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Gyroscope, Device consisting of a wheel so mounted that its 
spinning axis is free to rotate about either of two other axes 
perpendicular to itself and to each other; once set in rotation, 
its axle will maintain a constant direction, even when the earth 
is turning under it; when its axle is pointed due north, it may 
be used as a gyro-compass. 


Half stage. A booster unit in a stage-and-a-half rocket. 

Hard base. Missile launching base that is protected against 
nuclear bomb attack. 

Heat exchanger. A device for transferring heat from one 
substance to another, as by regenerative cooling. 

Heat sink. A contrivance for the absorption or transfer of 
heat away from a critical part or parts, as in a nose cone whére 
friction-induced heat may be conducted to a special metal for 
absorption. 

Heat transfer. In missilry, spread of heat across the combus- 
tion chamber of walls of a rocket engine; an acute design 
problem. 

Heaviside layer. Region of the ionosphere that reflects radio 
waves back to earth; also called Kennelly-Heaviside layer. 

Heavy cosmic ray primaries. Positively charged nuclei of ele- 
ments heavier than hydrogen and helium up to, but not includ- 
ing, atomic nuclei of iron, comprising about one percent of the 
total cosmic ray particles. 

Heliocentric. Measured from the center of the sun; related 
to, or having the sun as a center. 

Heterosphere. That part of the upper atmosphere wherein 
the relative proportions of oxygen, nitrogen, and other gases are 
unfixed and wherein radiation particles and micrometeoroids 
are mixed with air particles. 

Hohmann orbit. Proposed paths of flight from earth’s orbit 
to orbits of other planets, using minimum energy. 

Hold. Scheduled or unscheduled delay or pause in the launch- 
ing sequence or countdown of a missile or space vehicle. 

Hold-down test. Testing of some system or subsystem in a 
missile or other vehicle while the vehicle is restrained in a 
stand. 

Homing guidance. The guidance of a missile or other vehicle 
by means of an internal receiver that is sensitive to emissions 
at the objective, such as infrared or electronic radiations. 

Homosphere. That part of the atmosphere made up, for the 
most part, of atoms and molecules found near the earth’s sur- 
face, and retaining through the entire extent the same relative 
proportions of oxygen, nitrogen, and other gases. 

Hot configuration. Test missile equipped and ready for firing, 
either static or live. 

Hot test. Conducted by actually firing the propellants. A 
hot test may be live or static, or conducted in a confined place. 

Hydrazine. Liquid base, NHz NHz rocket fuel. 

Hydrazone. An exotic fuel formed bv the action of hydrazine 
or one of its derivatives on a compounc taining the carbonyl 
group CO. 

Hydrocarbon fuel. Gasoline or kerosene. 

Hydrogen (H). Lightest chemical element, flammable, color- 
less, tasteless, odorless gas in its uncombined state. Used in 
liquid state as a rocket fuel. 

Hydrosphere. The water envelope of a planet. 

Hydrostatic effects. The pressures exerted by a column of 
liquid under normal gravitational conditions on the surface of 
the earth or in a gravitational field during an acceleration. 

Hydyne. Also Hidyne. Hydrazine-based liquid rocket fuel. 

Hyperacoustic zone. The region in the upper atmosphere 
above sixty miles where the distance between the rarefied air 
molecules roughly equals the wave length of sound, so that 
sound is transmitted with less volume’ than at lower levels. 
Above this zone, sound waves cannot be propagated. 

Hyperbola. A conic section made by a plane intersecting a 
cone of revolution at an angle smaller than that of a parabola. 
The value of its eccentricity is greater than one. 

Hypergol, A rocket fuel or propellant that ignites spontane- 
ously upon contact with th. oxidizer. A propulsion system that 
utilizes such a fuel. ’ 

Hypersonic. Velocities of five or more times the speed of 
sound in the surrounding medium. 

(Continued on following page) 
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Hypoxia. Oxygen deficiency in the blood, cells, or tissues of 
the body in such degree as to cause psychological and physio- 
logical disturbances. May result from scarcity of oxygen in the 
air being breathed, or from inability of the body tissues to ab- 
sorb oxygen under conditions of low barometric pressure. 


ICBM. Intercontinental ballistic missile. 

Ice frost. A thickness of ice that gathers on the outside of a 
rocket vehicle over surfaces supercooled by liquid oxygen in- 
side the vehicle. 

IGY. International Geophysical Year. 

Inertial force. The force produced by the reaction of a body 
to an accelerating force, equal in magnitude and opposite in 
direction to the accelerating force. Inertial force endures only 
as long as the accelerating force endures. 

Inertial guidance. An onboard guidance system for missiles 
and satellite vehicles where gyros, accelerometers, and possibly 
a gyro-stabilized platform satisfy guidance requirements without 
use of any ground-located components; entirely automatic, fol- 
lowing predetermined trajectory. 

Infrared light. Light in which the rays lie just below the 
red end of the visible spectrum. 

Inhibitor. A substance bonded, taped, or dip-dried onto a 
solid propellant to restrict the burning surface and to give direc- 
tion to the burning process. 

Initial mass. Takeoff mass of a rocket. 

Integral tank. A fuel or oxidizer tank built within the normal 
contours of an aircraft or missile and using the skin of the 
vehicle as part of the walls of the tank. 

Intercontinental ballistic missile (ICBM). A ballistic missile 
with sufficient range to strike at strategic targets from one con- 
tinent to another. ICBM minimum range is approximately 5,000 
miles. 

Interface, In a rocket vehicle or other system, a common 
boundary between one component and another. 

Interior ballistics. That branch of ballistics concerned with 
the behavior, motion, appearance, or modification of a missile 
when acted upon by the ignition and burning of a propellant. 
Sometimes called “internal ballistics.” 

Intermediate-range ballistic missile (IRBM). A ballistic mis- 
sile with a range of 200 to 1,500 miles. 

Interplanetary. Between planets. 

Interstellar, Between stars. 

IOC. Initial operational capability. 

Ion. An electrically charged atom or group of atoms. A posi- 


tively charged ion is an atom or group of atoms with a def-. 


ciency of electrons; a negatively charged ion is an atom or 
group of atoms with an added electron. 

Ion engine. Projected type of engine in which the thrust to 
propel the missile or spacecraft is obtained from a stream of 
ionized atomic particles, generated by atomic fusion, fission, or 
solar energy. 

Ionized layers. Layers of increased ionization within the 
ionosphere. Responsible for absorption and reflection of radio 
waves and important in connection with communication and 
the tracking of satellites and other space vehicles. 

Ionosphere. An outer belt of the earth’s atmosphere in which 
radiations from the sun ionize, or excite electrically, the atoms 
and molecules of the atmospheric gases. The height of the iono- 
sphere varies with the time of day and the season. 

IRBM. Intermediate-range ballistic missile. 

_Isostatic. Under equal pressure from every side. 

Isothermal region. The stratosphere considered as a region 
of uniform temperature. . 

Ivory tower. Vernacular for vertical test stand. 


Jetavator. A control surface that may be moved into or 
against a rocket’s jet stream, used to change the direction of the 
jet flow for thrust vector control. 

Jet steering. The use of fixed or movable gas jets on a space 
weapon, ballistic missile, or sounding rocket to steer it along a 
desired trajectory, during both propelled flight (main engines) 
and after thrust cutoff. 

Jet stream. The stream of gas or fluid expelled by any reac- 
tion device, especially the stream of combustion products ex- 
pelled from a jet engine or rocket engine. Also, a narrow 
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band of high-velocity wind, especially near the base of the 
stratosphere. 

Jodrell Bank. Site of a large radio telescope, located near 
Manchester, England, with a paraboloidal receiver 250 feet in 
diameter, sixty feet deep. 

Jovian. Of or pertaining to the planet Jupiter; associated 
with Jupiter. 

Jovian planet. Any one of the giant planets, i.e., Jupiter, 
Saturn, Uranus, or Neptune. Usually in plural “Jovian planets,” 

JPL. Jet Propulsion Laboratory. 


Kapustin Yar. A town some sixty miles east southeast of 
Stalingrad on the Akhtuba River, near which the Russians de- 
veloped launch sites for short-range missiles and later for thei 
Sputniks. 

Kelvin scale. A temperature scale that uses centigrade de- 
grees but makes the zero degree signify absolute zero. 

Keplerian trajectory. Elliptical orbits described by celestial 
bodies (and satellites) according to Kepler’s first law of celes. 
tial motion. 

Kepler’s laws, The three laws of planetary motion discovered 
by Kepler (1571-1630) that explain the movements of planets 
in terms of Copernican concept. 

Kerosene. A liquid fuel used in certain rocket engines. Kero- 
sene is a mixture of hydrocarbons produced by distillation from 
petroleum or oil shale. 

Kick rocket. A small rocket engine attached to the base of a 
satellite or other object capable of giving additional speed o 
fifty to 100 mph if desired. 

Kiwi. An experimental, atomic engine, under study by Atomi 
Energy Commission. 

Knot. A nautical mile per hour, i.e., 1.1516 statute miles 
hour. 






















Laika. Female dog carried as a passenger in Sputnik II. 

Laminar flow. A nonturbulent airflow over and about a no 
cone or other surface, made up of thin parallel layers. 

Launch. Initial motion in transition from static repose t 
dynamic flight, The moment when the missile is no longe 
supported by the launcher. Takeoff. See liftoff. 

Leveled thrust. A rocket powerplant equipped with a pro- 
grammer or engine-control unit that maintains the output at 
a relatively constant thrust. 

Liftoff. Initial motion along the trajectory of a space weapon 
or ballistic missile as it rises from the stand under rocket pro- 
pulsion; the takeoff. 

Light-year. Distance traveled in one year by light, whic 
covers 186,284 miles in one second; equal to some 5,880,000, 
000,000 miles. 

Limb. The outer edge of a celestial body, as of the sun. 

Limb of the earth. The edge of the earth at the horizon. 

Liquid hydrogen. Liquid rocket fuel- that develops a specifi 
impulse, when oxidized by liquid oxygen, ranging between $1 
and 364 seconds depending upon the mixture ratio. 

Liquid oxygen. Oxygen supercooled and kept under pressur 
so that its physical state is liquid, Used as an oxidizer in 
liquid-fuel rocket. 

Liquid propellant. Any liquid ingredient fed to the combus 
tion chamber of a rocket engine. 

Little Joe. A solid-rocket test vehicle developed by NAS 
used especially to test the Mercury capsule. 

Logbalnet. Air Materiel Command network for the exclusiv 
use of transmitting ballistic missiles logistical data via electri 
media. This includes both ICBM and IRBM. 

Lox. Liquid oxygen. 

Luminous bands. Faint bands of luminosity appearing it 
the night airglow. 

Lunik. Russian term for space probe launched to moon’ 
vicinity or to impact on moon. 


Magnetohydrodynamics. New science dealing with employ 
ment of ionized gases in propulsion systems. 

Magnitude. Brightness of a star; first magnitude is the bright 
ness of a candle flame at a distance of 1,300 feet. Order ¢ 
magnitude decreases from first to twentieth at a ratio of inter 

(Continued on page 159) 
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Now you can 

record 20 communications 
channels on one tape 

with the 


HONEYWELL VOICE MONITOR 


Now tower-to-pilot, aircraft test flight and 
other radio and telephone communications can 
be recorded with greater reliability and econ- 
omy. The space-saving Honeywell Voice Mon- 
itor records from one to 20 voice channels 
simultaneously . . . on a single reel of magnetic 
tape .. . keeps channels perfectly synchronized 
... plays them back when you want them with 
the fidelity you demand. 


Thanks to the use of a slow recording speed, 
the Honeywell Voice Monitor requires only 
one tape change per day. A single 1014” reel 
runs continuously and stores 24 hours of voice 
communication . . . and the system switches 
automatically to a standby reel before the first 
reel ends. The system provides fast forward 
and rewind . . . a convenience in locating spe- 
cific tape sections for playback. 


th 
i ERING THE FUTURE 
YEAR 


Fully transistorized electronic circuitry pro- 
vides the utmost reliability, eliminates tube 
failure downtime, reduces power consumption 
and heat dissipation. Magnetic recording and 
playback heads are permanently precision- 
aligned and eliminate the need for tuning or 
switching of heads to recover recorded infor- 
mation. Duplicate power supplies and bias 
oscillators with automatic changeover are also 
provided to insure continuous operation. Plug- 
in modular construction simplifies maintenance 
and allows ready substitution. 


Depend on Honeywell for the latest achieve- 
ments in magnetic tape systems. For complete 
information, call on your nearby Honeywell 
Field Engineer. MINNEAPOLIS - HONEYWELL, 
Industrial Systems Division, 10721 Hanna 
Street, Beltsville, Maryland. 


Honeywell 














MISSION: 


solving the 


exotic problem 
in systems 
design 


WESTERN GEAR Systems Management can give you a useful 


assist on your major programs. Thinking about exploratory gear for the moon— 
or to probe the secrets of the deep? Even if your exotic problem isn’t quite that far 
out or quite that deep today, now is a good time to acquaint yourself with the men of 
Western Gear’s Systems Management group. From conception to co-ordination of 
engineering activities, they can provide the invaluable assistance that speeds you 
to the solution of the exotic problem. 

Need propulsion gear that achieves ‘‘impossible’’ sound levels? A gear drive 
that functions at a fierce 1000°F? A drive rated at several horsepower that fits in 
the palm of your hand? Rotative spéeds approaching that of sound? Backed by 
deep-strength in R & D, the imaginative men of Western Gear’s Systems Manage- 
ment Division have a way of making realities out of today’s—or tomorrow’s— 
impossibilities. To consult them on your exotic product or system, call on our 


sales engineer or write gen* "ne sl 
Systems Management 

Division, P.O. Box 182, UV 2 q 
Lynwood, California. ‘vag i? 


WESTERN GEAR CORPORATION 
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sity of 2.5; the first magnitude is 100 times brighter than the 
sixth; stars of the first six magnitudes are visible to the naked 
eye. Negative value used for objects brighter than first magni- 
tude. 

Main stage. In a single-stage rocket vehicle powered by one 
or more engines, the period when full thrust (at or above ninety 
percent) is attained. Also, in a multistage rocket, the stage that 
develops the greatest amount of thrust. Also, a sustainer engine, 
considered as a stage after booster engines have fallen away. 

Map-matching guidance. Guidance of a flightborne vehicle 
by means of a radarscope film previously obtained by a recon- 
naissance flight over the terrain of the route. 

Mars. The sun’s fourth planet, its orbit outside the orbit of 
the earth. 

Mass. The quantity of matter in an object. 

Mass ratio. Ratio of a rocket’s mass at launch to its mass at 
burnout. 

Mechanical border, That layer in the atmosphere where air 
resistance and friction become negligible. 

Mechanoreceptor. A nerve ending that reacts to mechanical 
stimuli, as touch, tension, and acceleration. 

Mechta. (Russian “Dream”). A Russian space probe or 
asteroid launched on January 2, 1959, now in orbit around the 
sun. 

Mercury. The planet nearest the sun. Also, the man-in-space 
program of NASA. 

‘ul Mesosphere. In the nomenclature of Chapman, a stratum of 
atmosphere that lies between the stratosphere and the iono- 
sphere, sometimes called the chemosphere. In the nomenclature 
at & of Wares, a stratum that extends approximately from 250 to 
of § 600 miles, lying between the ionosphere and the exosphere. 

of Metagalaxy. The entire system of galaxies including the 
ou Milky Way. 

Meteor. Body originating in space but entering the earth’s 
| atmosphere with such velocity as to become incandescent and 
iV & to appear as a falling star. Such a body encountered outside the 
in —& atmosphere is normally called a “meteorite” or “meteoroid.” 
by Meteor safe wall. Refers to the protective blanket of atmos- 
phere through which meteors only rarely can penetrate instead 
of being burned up and vaporized by friction with air molecules. 

Midas. Air Force project aimed at developing a system of 
ur §& satellites for detecting ballistic missile launching by infrared 
and other techniques. 





Milky Way. The galaxy to which the earth’s sun belongs. 
4 Millstone Hill. Lincoln Laboratory site near Lexington, Mass., 
oe [location of an eighty-four-foot dish radar antenna. 
Minitrack. System for_ tracking artificial satellite by means 
>N of radio waves transmitted from the vehicle itself; several 


ground stations are required. 

Missilry, The art or science of designing, developing, build- 
ing, launching, directing, and sometimes guiding a missile. 

Module. A combination of components, contained in one 
package or so arranged that together they are common to one 
mounting, which provides a complete function. Sometimes called 
black box vernacularly. 

Momentum. Product of mass times velocity. 

Monopropellant. A rocket propellant in which the fuel and 
oxidizer are premixed ready for immediate use. 

MOR. Missile operationally ready. 

M storm. Magnetic storm, prodeced by disturbances on the 
sun. 

Multipropellant. A propellant that consists of two or more 
liquid ingredients each separated from the others until intro- 
duced into the combustion chamber. 


National Aeronautics and Space Administration (NASA). Ci- 
vilian agency exercising control over “aeronautical and space 
activities” sponsored by the US, except those activities peculiar 
to or primarily associated with the development of weapon sys- 
tems, military operations, or the defense of the US. 

Nautical mile (NM). A measure of distance equal to 6,076.103 
feet or approximately 1.15 mile. 

Nebula, Any celestial structure outside the solar system that 
occupies a perceptible extent in the sky and is not resolvable 
into stars by large telescopes. 

Negative G. Opposite of “positive G.” In a gravitational field 
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or during an acceleration, when the human body is so posi- 
tioned that the force of inertia acts on it in a foot-to-head direc- 
tion, i.e., the headward inertial force produced by a footward 
acceleration. 

Neptune. The sun’s eighth planet. 

Nitrogen tetroxide. A toxic liquid oxidizer, N.O,, insensitive 
to shock and stable at room temperatures. 

Nitromethane. An oily, colorless liquid compound (CHsNO:) 
used as a propellant. 

Noctilucent cloud. High-altitude cloud lying at an altitude 
of fifty miles, appearing only after sunset or before sunrise when 
contrasted against a dark sky; may consist of volcanic dust or 
interplanetary matter trapped by temperature inversion. 

Node. Either of two points where the orbit of an orbiting 
body intersects the plane of the orbit of its primary. 

Nose cone. Assembly at the upper end of a ballistic missile 
from which it is separated after the end of propelled flight. The 
nose cone may contain a warhead or scientific payload. 

Nova. Star which undergoes a sudden and enormous increase 
in brightness; about twenty-five appear every year in our galaxy. 
-(Supernova is a star which explodes with a liberation of most 
of its energy into space.) Also, a projected satellite vehicle of 
NASA, powered by liquid multistage rockets. 

Nozzle. The exhaust duct of a rocket thrust chamber in which 
gases are accelerated to high velocities. 

Nuclear rocket. Projected rocket in which the energy for the 
exhaust stream would derive from nuclear fission or fusion. 

Null circle. Theoretical point in space where the gravitational 
attraction of one planet balances that of another planet; there 
is no actual null point or region because of the constant move- 
ment of celestial bodies in relation to each other. 


Oberth, Hermann, German pioneer in rocketry theory. 

Oculo-agravic illusion (perceptual illusion). During subgravity 
states, luminous targets seen in the dark appear to move and to 
be displaced in an upward direction. 

Optical star tracker. A star tracker that locks onto the light 
of a particular celestial body. Distinguished from a radiometric 
star tracker. See star tracker. 

Orb. A spherical body, especially a celestial sphere, as the 
moon, a planet, or a man-made satellite of that shape. 

Orbit. The path described by a celestial body in its revolu- 
tions around another body. 

Orbital bomber. A vehicle with the capability of orbiting 
speeds to allow circling the earth one or more times at very 
high altitudes and then gliding home to earth. 

Orbital period. The period of time taken by an orbiting body 
to make a complete orbit. 

Orbital velocity. Velocity needed to keep a body moving in 
a closed orbit around a sun, planet, or satellite. Orbital velocity 
of the earth is some 18,000 mph. 

Orbit nodes. Points in an orbit where the orbit crosses a 
reference plane, such as the ecliptic or the equatorial plane. 

Orion. Project Orion, ARPA-USAF study of a space plat- 
form to weigh several thousands tons, movable by controlled 
nuclear explosions. ’ 

Oxidizer. A rocket propellant component, such as liquid 
oxygen, nitric acid, fluorine, and others, which supports com- 
bustion when in combination with a fuel. 

Oxygen-hydrocarbon engine. A rocket engine that operates 
on propellant of liquid oxygen as oxidizer and a hydrocarbon 
fuel, such as the petroleum derivatives. 

Ozonosphere. A stratum in the upper atmosphere having a 
relatively high concentration of ozone, important for absorption 
of ultraviolet solar radiation. 


Pacific Missile Range. National missile range located on the 
West Coast. The Navy is executive agent, with headquarters at 
Point Mugu, Calif. 

Pad. A permanent or semipermanent load-bearing surface 
constructed or designed as a base upon which a launcher can 
be placed. Short for launch pad. 

Parabola, A conic section made by an intersecting plane par- 
allel to the side of the cone. © 

Parallax. The apparent displacement of an object, or the 

(Continued on following page) 
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apparent difference in its direction of motion, if viewed from 
two different points. 

Parsec. Astronomical unit of distance equal to 19,150,000,- 
000,000 miles, indicating the distance at which the mean radius 
of earth’s orbit would subtend an angle of one second of arc. 

Payload. Useful cargo. 

Perigee. Point in an elliptical orbit around the earth which 
is closest to the earth. 

Perihelion. That point on an elliptical orbit around the sun 
which is nearest to the sun. 

Period. Time required for an orbiting body to make a single 
revolution around its primary. 

Perturbation. Effect of the gravitational attraction of one 
body on the orbit of another. 

Phobos. Inner of the two moons of Mars. 

Photon rocket. Hypothetical reaction-type powerplant based 
on directional emission of photons, a continuous quantum of 
radiant energy moving with the velocity of light. 

Photosphere, The outermost luminous layer of the sun’s gase- 
ous body. . 

Picket ship. One of the ocean-going ships used on a missile 
range to provide added instrumentation for tracking or recov- 
ering the missiles. 

Pioneer. Any of the space probes launched by the Air Force 
and Army, under coordination of the National Aeronautics and 
Space Administration. 

Pitch. The movement about an axis that is at once perpen- 
dicular to the missile’s longitudinal axis and horizontal with 
respect to the earth. 

Pitchover. Turning of a vertically rising vehicle into a course 
leading to a particular target. 

Planet. A spatial body that revolves about the sun or other 
star. 

Planetoid. One of the numerous small planets nearly all of 
whose orbits lie between Mars and Jupiter. Also called asteroid 
and minor planet. 

Planetology. The study of planets and satellites. 

Plasma. An electrically charged gas or body of gas, formed 
when the gas is subjected to very high temperatures. 

Plasma jet. High-temperature jet of electrons and positive 
ions that has been heated and ionized by the magnetohydrody- 
namic effect of a strong electrical discharge. 

Pluto. The sun’s ninth planet, discovered in 1930. 

Point defense. Point defense has as its purpose the air defense 
of specified geographical areas, cities, and vital installations. 


Point Mugu. A point on the Pacific coast near Oxnard, Calif., °. 


the site of the US Naval Air Missile Test Center, and of the 
headquarters of the Pacific Missile Range. 

Polaris. Navy IRBM. Solid-propellant rocket designed to be 
launched from nuclear-powered submarines. 

Polar orbit. The orbit of an earth satellite that passes over or 
near the earth’s poles. 

Polyurethane. A polymeric compound of urethane, used as 
a fuel in a solid propellant. With its oxidizer, polyurethane has 
a relatively high specific impulse. 

Pontus. Code name for an ARPA project aimed at improve- 
ment of structural and power conversion materials, 

Positive G. In a gravitational field or during an acceleration, 
when the human body is normally so positioned that the force of 
inertia acts on it in a head-to-foot direction, i.e., the footward 
inertial force produced by a headward acceleration. 

Pound of thrust, A measurement unit of the reaction force 
generated in a jet or rocket engine and available for propulsion. 

Power landing. The landing of a spacecraft on a body in 
space in which the thrust of its motors is used as a brake. 

Pressurized cabin. A cabin in an aircraft or spacecraft kept 
at, or designed to be kept at, an adequate internal air pressure 
to permit normal respiratory and circulatory functions of persons 
within it. 

Pressurized suit. A garment designed to provide pressure upon 
the body so that respiratory and circulatory functions may con- 
tinue normally, or nearly so, under low-pressure conditions, such 
as occur at high altitudes or in space without benefit of a pres- 
surized cabin. 

Prestage. Sequential phase in the starting of a large liquid- 
propellant rocket engine where initial partial flow of propellants 
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into the thrust chamber is ignited, and this combustion is satis- 
factorily established before main stage is ignited. 

Primary. The body around which a satellite orbits. Sun is 
primary of earth, earth of moon, etc. 

Principia. Code name for an ARPA project in advanced solid 
propellants. 

POC, Production operational capability. 

Programmed roll. An automatically controlled roll of a bal- 
listic missile’ or satellite vehicle, usually executed during its ver- 
tical ascent before pitchover. 

Programmed turn. The turn of a ballistic missile from vertical 
motion, after liftoff, to a curved path approximating the desired 
powered flight trajectory prior to the initiation of guidance. 

Propagation. In missile terminology, to describe the manner 
in which an electromagnetic wave such as a radar signal, timing 
signal, or ray of light, travels from one point to another. 

Propellant. A liquid or solid substance burned in a rocket for 
the purpose of developing thrust. 

Proxima Centauri, One of the two nearest known stars to 
the earth, about 4.3 light years distant. 

PSI or psi. Pounds per square inch. Used especially as a meas- 
ure of overpressure. 

Pyrophoric fuel. A fuel that ignites spontaneously in air. - 


Radial velocity. Speed of approach or recession of a body 
from the point of observation with respect to the earth; can be 
determined by measuring the Doppler shift between lines of 
the same elements in the spectra of the star and of a laboratory 
on the earth. 

Radiant energy. Energy that travels as a wave motion, as 
with radio waves, infrared rays, visible light, etc. 

Radiation. The emission and propagation of energy or matter. 
Energy traveling as a wave motion; the energy of electromag- 
netic waves. Radiant particles, such as alpha rays or beta rays. 

Radio astronomy. Branch of astronomy that utilizes radio 
waves emitted by certain celestial bodies as a means of ob- 
taining data. 

Radio guidance system. A guidance system that uses radio 
signals to guide a flightborne vehicle. 

Radio-inertial guidance. Missile or space weapon guidance 
system divided into two major groups: the onboard guidance 
system and flight-control system and the ground-located guid- 
ance station. 

Radiometer. An instrument that detects and measures the 
intensity of thermal radiation, especially infrared radiation. 

Rate receiver. A guidance antenna that receives a signal from 
a launched missile as to its rate of speed. 

Reaction engine. An engine or motor that derives thrust by 
expelling a stream of moving particles to the rear. 

Readout. A radio transmitter transmitting data either instan- 
taneously with computation of the data or by play of a mag- 
netic tape on which the data has been recorded. 

Reconnaissance satellite, An earth satellite designed to ob- 
tain strategic information, as through photography, television, 
etc, 

Recovery. The act of retrieving a portion of a launched mis- 
sile or satellite which has survived reentry. 

Red shift. A displacement toward the red in the spectra of 
extragalactic nebulae that indicates a recession of the structures 
involved. . 

Redstone Arsenal. Army facility at Huntsville, Ala., head- 
quarters of the Army Ordnance Missile Command, 

Reentry. Return of a part of a ballistic missile or other vehicle 
to the atmosphere after flight above the sensible atmosphere. 

Regenerative cooling. Cooling of a rocket engine by circulat- 
ing the fuel or oxidizer fluid in coils about the engine prior to 
use in the combustion chamber, 

Reliability. Dependability. 

Remaining body. That part of a missile or other vehicle that 
remains after the separation of a fallaway section or compan- 
ion body. 

Remaining mass. Mass of a rocket missile or vehicle after 
separation of fallaway section and afterbodies and after the 
expenditure of fuel; the payload remaining. 

Restricted propellant. A solid propellant with restricted sur- 

(Continued on page 163) 
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ALTITUDE: 


2,500 MILES 


or 25,000 Feet 





Astronauts and commercial jetliner passengers alike, 
depend on Sierra Oxygeneering. Military agencies 
and civilian manufacturers depend on Sierra, too, 
for design, development and production of precision 
mechanical, electro-mechanical, hydraulic and 
pneumatic systems and components. If you 
have a problem requiring imaginative engineering and 
advanced production techniques — contact Sierra. 
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OXYGENEERING IS A TRADEMARK OF SIERRA ENGINEERING CO. 


Write for a staff and facilities report. 
An applications engineer will consult 
with you on request. 

No obligation, of course. 





OFF-THE-SHELF — 


SPACE 
PROBES 


NEWEST RYAN CAPABILITY 


Instruments shot thousands of miles above the 
earth by multi-stage rockets hold the key to 
continued progress in our space research. These 
probes no longer need be prohibitive in cost. 

Using standard off-the-shelf hardware, Aerolab 
Development Company (a Ryan subsidiary), 
arranges solid fuel military rockets in various 
combinations to provide low-cost, high-perform- 
ance sounding rockets and space probes for the 
acquisition of scientific data. 

Now Aerolab’s unique capabilities are added to 
Ryan’s own qualifications for advanced space pro- 
jects: electronic navigation, automatic guidance, 
high-altitude recovery systems, missile design, re- 
action controls, propulsion systems. 

For years Ryan has been preparing for the 


space era with advanced work in high performance 
jet target missiles and continuous wave doppler 
radar systems. Ryan has also solved many high 
temperature metallurgy problems associated with 
supersonic flight...new fabrication techniques 
such as Ryan Wrap and explosive forming, and 
new design concepts like MiniWate. 

At Ryan, the sciences of flight are integrated 
with the newest fabrication techniques. Unified 
facilities equip Ryan for many space age projects, 
from initial design to finished hardware. 

A pioneer in aerophysics research since 1946, 
Aerolab is now a wholly-owned subsidiary of the 
Ryan Aeronautical Company. Aerolab and Ryan 
capabilities complement each other, but Aerolab 
retains its independent operation. 


RYAN OFFERS CHALLENGING OPPORTUNITIES TO ENGINEERS 
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faces exposed for burning, the other surfaces being covered by 
an inhibitor. 

Retrograde motion. Orbital motion opposite in direction to 
that normal to spatial bodies within a given system. 

Retrorocket. Relatively small rocket unit, usually solid pro- 
pellant, installed on a rocket-propelled vehicle and fired in a 
direction opposite to the main motion to decelerate main unit. 

Revolution. The motion or the apparent motion of a body in 
orbit. 

Right ascension. Arc of the celestial equator, or the angle at 
the celestial pole measured eastward from the hour circle of the 


vernal equinox to the hour circle of a given celestial body, either 


through hours or 360 degrees. 

RJ-1. A liquid fuel somewhat denser than the kerosene-based 
fuel RP-1, and with greater energy yield. 

Rocket. Self-contained, thrust-producing system that moves 
by ejecting a stream of hot gas from its rear; powered by either 
solid or liquid propellant, containing its own means of oxida- 
tion, making it independent of the atmosphere. 

Rocket airplane. An airplane using rocket propulsion for its 
main or only propulsive power. Also, ‘an airplane fitted-out to 
carry and. fire rocket ammunition. 

Rocket sled. A sled that. runs on a rail or rails and is ac- 
celerated to high velocities by a rocket engine. This sled is used 
by the Air Force in determining G tolerances and for developing 
crash survival techniques. 

Rockoon. A rocket research vehicle designed to be carried 
up to very high altitudes by a balloon before being fired. 

Roll. The movement of a missile body about its longitudinal 
axis. 

Rotation. The turning of a body about its axis. 

Rover. AEC program for the development of a nuclear rocket 
reactor, initiated by the USAF, supported by NASA. 

RP-1. A rocket liquid propellant consisting essentially of 
kerosene. 

Rubber-base propellant. A solid-propellant mixture in which 
the oxygen supply is obtained from a perchlorate and the fuel is 
provided by a synthetic rubber latex. 


SAC-Mike. Strategic Air Command ballistic missile staff at 
BMD, Inglewood, Calif. 

Satellite. An attendant body that revolves about another 
body. 

Satellite reconnaissance, Strategic reconnaissance conducted 
by means of data obtained from a satellite. 

Satelloid. An artificial body or vehicle like an artificial satel- 
lite except that it uses engine thrust (intermittent or continuous) 
to remain in orbit. 

Saturn. The sun’s sixth planet. Also, a NASA rocket engine 
cluster in research and development expected to develop some 
1,500,000 pounds of first-stage thrust. 

Scintillating counter. An instrument that measures radiation 
indirectly by counting the light flashes emitted when radiation 
particles are absorbed. 

Scout. A projected solid-fueled probe sponsored by NASA to 
sound space near the earth. 

Scrub. Vernacular for canceling out a scheduled test firing, 
either before or during countdown. 

Sealed cabin. Cabin, especially a spacecraft cabin, sealed 
against exfiltration or infiltration of any gas, liquid, or solid. 

Secondary cosmic radiation. The energetic nuclear debris and 
ionization caused by the impact of primary cosmic ray particles 
on atoms and molecules of the upper atmosphere. 

Second-of-arc. A measure of an angle 1/60th of a minute. 

Seeker. A guidance system which homes on energy emanat- 
ing or reflected from a target or station. 

Selenoid. A lunar satellite. 

Sensible atmosphere. That part of the atmosphere that may 
be felt, i.e., that offers resistance. 

Separation. Moment when a full stage, half stage, a warhead, 
or a nose cone is separated from the remainder of the rocket 
vehicle; the moment when staging is accomplished. 

Shake-table test. A laboratory test in which an instrument 
component is placed in a vibrator that simulates one of the 
conditions during the launch of a missile or other vehicle. 

Shot. A missile launching. 
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Shutdown, Synonymous with cutoff. See cutoff. 

Sidereal. A measurement of time. A sidereal day, for ex- 
ample, is the time it takes the earth to make a complete revo- 
lution measured from the stars. A sidereal day is four minutes 
shorter than our solar day. 

Sidereal period. Time taken by a planet or satellite to com- 
plete one revolution about its primary as seen from ‘the primary 
and as referred to a star. 

Silo. A missile shelter that consists of a hardened vertical 
hole in the ground with facilities either for lifting the missile to 
a launch position, or for direct launch from the shelter. 

Sirius. Brightest star in the heavens, a star of the constella- 
tion Canis Major. 

Skin tracking. The tracking of an object by means ¢f radar. 

Skip-glide bomber. Winged vehicle that is boosted above the 
atmosphere by rocket power and turned into a somewhat cir- 
cular orbit before thrust is cut off. From this point, follows an 
undulating trajectory, glancing or skipping off the upper regions 
of the atmosphere to slow its speed prior to reentry. 

Skirt fog. Cloud of steam and water that surrounds the en- 
gines of a missile being launched from a wet emplacement. 

Sky screen. An element of equipment used by range safety 
officer. The sky screen, electronic or optical, provides indication 
to the range safety officer whenever the missile deviates from 
planned trajectory. 

Slenderness ratio. A configuration factor expressing the ratio 
of a rocket vehicle’s length to its diameter. 

Sloshing. Back-and-forth splashing of a liquid fuel in its tank, 
creating problems of stability and control in the vehicle. 

Smithsonian Astrophysical Observatory. An observatory of 
of the Smithsonian Institution established in 1890 in Washing- 
ton, D. C., but with its headquarters moved to Cambridge, 
Mass., in 1956. 

Soft base. Launching base not protected against atomic 
attack, 

Soft landing, Landing on the moon or other spatial body at 
such slow speed as to avoid destruction of the landing vehicle. 
Soft landings on the moon are anticipated by use of retrorockets. 

Solar constant. Amount of energy arriving: per unit area ex- 
posed to unobstructed solar rays at the mean radius of the 
earth’s orbit around the sun. 

Solar corona. Outer atmospheric shell of the sun. 

Solar corpuscular rays. Cosmic radiation originating from 
the sun. 

Solar flare. Solar phenomenon which gives rise to intense 
ultraviolet and corpuscular emission from the associated region 
of the sun, affecting the structure of the ionosphere, interfering 
with communications. 

Solar noise. Electromagnetic radiation which radiates from 
the atmosphere of the sun at radio frequencies. 

Solar time. Time measured by reference to the apparent mo- 
tion of the sun about the earth. 

Solid propellant. Rocket propellant in solid state consisting 
of all the ingredients necessary for sustained chemical combus- 
tion, consisting of a compound of fuel and oxidizer, usually in 
plasticlike caked form. They burn on their exposed surface, 
generating hot exhaust gases to produce a reaction force. 

Sounding rocket. Rocket used for carrying instruments to 
high altitudes for “sounding” upper atmosphere. 

Space. That part of the universe between celestial bodies. 

Space equivalence. A state of being in which a condition or 
conditions within the atmosphere are virtually identical with a 
condition or conditions beyond the atmosphere. 

Space-fixed reference. An oriented reference system in space 
independent of earth phenomena for positioning. 

Space law. A projected code of international law that would 
govern the use or control of space. 

Space medicine. Study of the medical factors involved in 
spaceflight. 

Space platform. A habitable orbiting installation (normally 
geocentric) used as a platform for the launch of other space 
vehicles or for space research. 

Space station. Space platform. 

Spacesuit. Pressure Suit designed for wear in space or at 
very low-pressure altitudes within the atmosphere, designed to 

(Continued on following page) 
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permit the wearer to leave the protection of a pressurized cabin. 

Space-time dilemma. According to Einstein’s theory of rela- 
tivity, time would slow down increasingly for occupants of sys- 
tems moving at velocities approaching the speed of light, rela- 
tive to the earth. This slowdown would not be apparent to the 
inhabitants of the moving system (the spacecraft) until they 
return to earth. 

Spatiography. System proposed by Dr. Hubertus Strughold 
for charting a “geography” of space. 

Specific gravity. The ratio of the weight of any volume of a 
substance to the weight of an equal volume of another sub- 
stance taken as standard at a constant or stated temperature. 
Solids and liquids are usually compared with water at four de- 
grees centigrade. 

Specific impulse. The thrust produced by a jet-reaction en- 
gine per unit weight of propellant burned per unit time, or per 
mass of working fluid passing through the engine in unit time. 
Equal to thrust in pounds divided by weight flow rate in pounds 
per second. 

Speed of light. The speed at which light travels, 186,284 
miles per second. 

Speed of sound. The speed at which sound waves travel 
through a medium. In air at standard sea-level conditions, some 
750 mph. 

Sphere of gravitational influence. Gravisphere. 

Spin rocket. A small rocket that imparts spin to a missile’s 
airframe. 

Spin-stabilized. Directional stability of a projectile obtained 
by the action of gyroscopic forces which result from spinning of 
the body about its axis of symmetry. 

Spin table. A flat, round platform on which human and ani- 
mal subjects can be placed in various positions and rapidly ro- 
tated, much as on a phonograph record in order to simulate and 
study the effects of prolonged tumbling at high rates. 

Splash. Proving-ground vernacular for the intentional destruc- 
tion or impact of a missile that is deviating from the preselected 
safe range limits or is malfunctioning. 

Sputnik. The Russian name for its man-made moons or satel- 
lites. The full Russian designation is Iskustvenyi Sputnik Zewli 
“artificial companion of the earth.” 

Squib. A small pyrotechnic device which may be used to 
fire the igniter in a rocket or for some similar purpose. Not to 
be confused with a detonator. 

Stage. In a rocket vehicle powered by successive units, one 
or other of the separate propulsion units. 


Stand talker. A person on a static test stand responsible for . 


coordinating and timing preparations. 

Star. A self-luminous celestial body exclusive of nebulae, 
comets, and meteors; any one of the suns seen in the heavens. 
Distinguished from planets or planet satellites which shine by 
reflected light. 

Star-grain propellant. A solid propellant, its cross-section 
shaped like a star. 

Star tracker. A telescopic instrument on a missile or other 
flightborne object that locks onto a celestial body and gives 
guidance to the missile or other object during flight. May be 
optical or radiometric. 

Static testing. Testing of a missile or other device in a sta- 
tionary or hold-down position, to verify structural integrity, the 
effects of limit loads, or to measure the thrust of a rocket engine. 

Stationary orbit. Also, in reference to earth, known as a 
twenty-four-hour orbit; a circular orbit around a planet in the 
equatorial plane, having a rotation period equal to that of the 
planet. 

Step rocket, A rocket with two or more stages. 

Strain guage. A device for measuring thrust on a test stand. 
See rocket thrust. 

Stratopause. The upper limit or limits of the stratosphere. 

Stratosphere. A calm region of the upper atmosphere charac- 
terized by little or no temperature change in altitude, separated 
from the lower atmosphere, or troposphere, by the tropopause. 
Stratosphere is free from clouds and convective currents of the 
troposphere. 

Subgravity. A gravitational effect that is less than one G, 
i.e., less than the normal measure of the earth’s gravity. 
Subsatellite. An object designed to be carried into orbit in- 
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side an artificial earth satellite, but later ejected to serve a 
particular purpose. For example, an inflatable subsatellite has 
been designed to measure air density and satellite drag. 

Sun. The earth’s sun, or star, about which the earth and 
other planets revolve. 

Sunseeker. Two-axis device actuated by servos and controlled 
by photocells to keep instruments pointed toward the sun de- 
spite rolling and tumbling of the rocket vehicle carrier. 

Superior planet. A planet that is farther from the sun than 
the earth, i.e., Mars, Jupiter, Saturn, Uranus, Neptune, or Pluto. 

Supersonic. Beyond the speed of sound. 

Surface-to-air missile (SAM). A missile, especially a guided 
missile, launched from the surface to intercept a target in the 
air. 

Sustainer engine. An engine that sustains or increases the 
velocity of a missile or other aerospace vehicle once it has 
achieved its programmed velocity by use of booster or other 
engines. 

Sweat cooling. Method of controlling the excessive heating 
of a reentering body. Surfaces subjected to excessive heating 
are made of porous material through which liquid of high-heat 
capacity is forced. The evaporation of this coolant completes 
the sweat-cooling process. 

Synergic curve. A curve plotted for the ascent of an aero- 
space vehicle determined to give the missile or other vehicle 


‘an optimum economy in fuel with an optimum velocity. 


Synodic period. The time between two successive inferior 
conjunctions or between two successive oppositions, as seen 
from the earth. 

Systems engineering. Process of applying science and tech- 
nology to the study and planning of an over-all missile or aero- 
space vehicle system, whereby relationships of various parts of 
the system and the utilization of various subsystems are fully 
planned and comprehended prior to time hardware designs 
are committed. 


Takeoff mass. The mass of a rocket vehicle and its payload 
at the time of takeoff. 

Takeoff weight. Weight of a rocket vehicle ready for takeoff. 
This weight includes the weight of the vehicle, the fuel, and 
the payload, 

Tangential ellipse. Also known as a Hohmann orbit. The 
transfer ellipse from earth orbit to orbits of other planets, de- 
signed to use a minimum of fuel. 

Telemetering. The technique of recording space data by ra- 
dioing an instrument reading from a rocket to a recording ma- 
chine on the ground. 

Terminal velocity. Hypothetical maximum speed a body could 
attain along a specified straight flight path under given con- 
ditions of weight and thrust if diving through an unlimited dis- 
tance in air of specified uniform density. 

Terrella. Self-contained manned spaceship in which crew 
life is maintained during spaceflight by a closed-cycle breath- 
ing system. 

Terrestrial reference guidance. Technique of missile control 
wherein predetermined path set into the control system of a 
missile can be followed by a device in the missile which re- 
acts to some property of the earth, such as magnetic or gravi- 
tational effects. 

Theodolite. A sighting and measuring telescopic instrument 
that gives a reading on horizontal or vertical angles. 

Thermal barrier. Speed at which friction heat generated by — 
rapid passage of an object through the atmosphere exceeds en- 
durance compatible with the function of the object. 

Thermal load, Stresses imposed upon a missile structure be- 
cause of expansion or contraction (or both) of certain struc- 
tural elements by aerodynamic heating during flight and re- 
entry, by exposure to the heat of a rocket flame, or by cooling 
effects of liquid oxygen in the oxidizer. system. 

Thermosphere. The ionosphere considered as a region of 
temperature variation from minus twenty-eight degrees F to 
several thousand degrees F. 

Thindown. The process by which cosmic rays, atomic par- 
ticles, meteoroids, or the like lose their identity or their force 
as they penetrate into the atmosphere. 
(Continued on page 167) 
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IGNITERS AUXILIARY POWER UNITS 
PYROTECHNICS THRUSTERS 
EXPLOSIVE CHARGES MOTOR DESIGN & DEVELOPMENT 
MISSILE FUELS COMPONENTS & FUZES 


HIGH-ENERGY CHEMICALS 





SAFING & ARMING DEVICES 






Amcel Propulsion Inc. was established for the purpose of organizing and 
directing the research and production efforts of the Celanese Corporation 
of America in a comprehensive rockets and missiles program. 


The Amcel plant at Asheville, North Carolina is in a 1300 acre tract 
with test range equipment, manufacturing facilities and laboratories. 
This plant is suitably equipped for research, development, engineering 
and prototype production of propellants, propulsion systems, explosives 
devices and systems, assembly facilities for rockets, missiles, 

gas generators and auxiliary power units. 


Initial production of high-quality energy material is now under way. 
High-priority programs now in research deal with new levels of impulse 
and product quality, both in solid propellants and explosives systems. 





This work will be vigorously carried on in a modern research laboratory 
which will be completed by June 1960. 


As a major producer of organic chemicals with a 35 year background of 
research in polymer chemistry, Celanese is highly qualified to make 
significant contributions to the science and technology of high energy 
chemicals, fuels, and propulsion systems. Many Celanese chemicals, 

as well as its high alpha cellulose, offer important potentialities in 

this field. Years of experience in nitration techniques, and in plastics 
and fibers production, provide a solid basis for the development of more 
powerful and efficient fuels and improved thrust chamber architecture. 




























The capabilities of Celanese research laboratories at Clarkwood, 
Texas and Summit, New Jersey are available for support of the program 
at Amcel. This integrated program is designed to provide a more 
complete exploration of all phases of the problems of propulsion and 
motor design. Emphasis will be on solid fuels, fuel components, 

as well as original chamber design and construction, propulsion unit 
design and manufacture, and explosives devices and systems. 


Amcel offers an extremely favorable technological and raw materials 
position. Amcel welcomes inquiries concerning your solid propellant, 
explosives and related rocket and missile requirements. 





R. W. KixMiller, President J.P. Zeigler, Vice President and General Manager 
Executive Office: AMCEL PROPULSION INC., 180 MADISON AVE., N.Y. 16 


Technicians seeking participation in a new broad field of 
endeavor are invited to send statement of their qualifications 
to Mr. Elkins O. Whitman, Amcel Propulsion Inc., Box 3049, 
Asheville, North Carolina (Plant and Research Facilities). 
Celanese® 
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The 8-jiet. 450.000-pound 
Stratofortress missile platforn 
bomber can span oceans and return 
to its base without refueling. 


Included among its fuel hos« 
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assemblies are 2! and 3” hose 


as much as 30 feet long. 


76 Fuel Line Assemblies on B-52G... 
Completely New... 
Developed and Produced by 


WEATHERHEAD 


The Weatherhead fuel line system for Boeing’s B-52G meets heretofore 
unknown requirements in terms of operating characteristics, material prop- 
erties, light weight and unusually large range of sizes (144” to 4” I.D.) 
Approximately 75 different assemblies provide continuous distribution of 
fuel in the integral wing and fuselage tanks to the eight jet engines. The 
special hose is impervious to the JP-4 or JP-5 fuels employed, even where 
it remains immersed in fuel. 


In developing the entirely new hose assemblies, Weatherhead worked on the 
specifications with Boeing engineers. Shortly afterward, Weatherhead had 
established mass production of the full range of qualified assemblies. 


This is an example of how Weatherhead smoothly synchronizes its vast 
research and development, engineering and manufacturing facilities to 
originate and supply special needs within tight timetables. Whatever 


your fluid system requirements, look to Weatherhead for assistance from 
concept through production. 


WEATHERHEAD AVIATION and MISSILE GROUP 
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Throat. In rocket and jet engines, the most constricted sec- 
tion of an exhaust nozzle, 

Throatable. Of a nozzle: Designed so as to allow a change 
in the velocity of the exhaust stream through changing the size 
and shape of the throat of the nozzle. 

Thrust. The amount of “push” developed by a rocket; meas- 
ured in pounds. 

Thrust decay. When a rocket motor burns out or is cut off, 
propulsive thrust does not fall to zero instantaneously, but pro- 
gressively declines over some fraction of a second. This gradu- 
ated reduction and loss of thrust is known as “thrust decay.” 

Thrust-weight ratio. A quantity used to evaluate engine per- 
formance and obtained from dividing the thrust output by the 
engine weight less fuel. If the pound is used as the unit of 
measure for thrust and weight, the result is pounds of thrust per 
pound of engine. 

Time dilation. Space-time dilemma. See above. 

Tiros. A projected weather satellite using infrared and tele- 
vision, under development by NASA. 

Topping the tank. Ground propellant supply system adjacent 
to the launch stand that replaces the boiloff or vapor loss of 
propellant as it is consumed during the thrust buildup before 
liftoff. 

Total impulse. The thrust of a jet engine, rocket motor, or 
rocket engine for the entire time that fuel is burning, Units 
are expressed in pound sections. 

Touchdown. Landing of a manned or unmanned space vehi- 
cle on the surface of a planet by any method except gliding. 
Reverse jets would be the probable method of touchdown. 

Trajectory. The path described by a missile or a space vehicle. 

Tranquilizer. An instrument that adds stability to a missile’s 
guidance system. Slang. 

Transcontinental ballistic missile (TCBM). A ballistic missile 
with a range capability of 11,000 miles or more. 

Transfer ellipse. Path followed by a body moving from one 
elliptical orbit to another. 

Transit. A Navy navigation satellite in development. 

Translunar. Beyond the moon. 

Transverse acceleration; transverse G. The inertial force 
produced by an acceleration acting across the body, perpendic- 
ular to the long axis of the body, as in a chest-to-back direction. 

Tropopause. The upper limit or limits of the troposphere. 

Troposphere. The lower layer of the earth’s atmosphere, ex- 
tending to about 60,000 feet at the equator and 30,000 feet at 
the poles. 

Tsiolkovsky, K. E. A Russian engineer and scientist (1857- 
1935) whose paper “Rockets into Cosmic Space” (1903) was one 
of the pioneer works in the achievement of rocket flight. 

T-time. Thé moment at the end of a countdown when action 
is taken to fire a rocket propulsion unit that launches a rocket 
vehicle or missile. 

Tumble, Of an oblong earth satellite: to rotate about its 
horizontal axis, end over end. 

Two-stage rocket. A rocket that has two propulsion systems, 
each housed in a separate section with its own fuel source, the 
upper one ignited after separation from the first. 


Ultrasonic. Speeds between sonic and hypersonic. 

Umbilical cord. Any one of the servicing electrical or fluid 
lines between the ground and an uprighted rocket missile or 
vehicle before the launch. 

Universe. The entire spatial cosmos. 

UOC, Ultimate operational capability. 

Upper air. The atmosphere region embracing the ionosphere 
and the exosphere. See aerospace. 

Uranus. The sun’s seventh planet. 


Van Allen radiation belts, Two doughnut-shaped belts of 
high-energy particles, trapped in the earth’s magnetic field, 
which surround the earth. These belts, which form an obstacle 
to interplanetary explorations, were first discovered by Dr. 
James A. Van Allen of Iowa State University. 

Vanguard, Experimental satellite project developed by US 
Naval Research Laboratory, later taken over by NASA. The first 


Vanguard, launched in 1958, is expected to remain in orbit 
some 200 years. 
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Vector steering. Vernacular for a steering method where one 
or more thrust chambers are gimbal-mounted so that the direc- 
tion of the thrust force (thrust vector) may be tilted in relation 
to the center of gravity of the missile to produce a turning 
movement. 

Velocity. A vector quantity that includes both magnitude 
(speed) and direction relation to a given frame of reference. 
Rate of motion in a given direction, employed in its higher 
magnitudes as a means of overcoming the force of gravity. 

Velocity vector. Combination of two ballistic missile trajec- 
tory values; the speed of the missile’s center of gravity at a 
designated point on the trajectory and the angle between the 
local vertical and the direction of the speed. 

Venus. The sun’s second planet, and the nearest of the+sun’s 
other planets to the earth when at inferior conjunction. 

Vernier. Small rocket engines or gas nozzles mounted on 
missiles which can be fired by commands from the flight-con- 
trol system to control the roll, pitch, and yaw attitudes during 
propelled flight. Second function is to make final adjustment 
of missile velocity as it approaches the thrust-cutoff point. 


Warhead. That part of a missile that constitutes the ex- 
plosive, chemical, or other charge intended to damage the 
enemy. 

Weight. Gravitational force on a mass. 

Weight flow rate. The flow rate of a liquid propellant ex- 
pressed in pounds per second. 

Weightlessness. The absence of any apparent gravitational 
pull on an object. Any object deprived of support and freely 
falling in a vacuum is weightless. An orbiting satellite above 
the earth’s atmosphere is a special case of “free fall” as is an 
aircraft when flying a parabolic curve. Weightlessness is ex- 
perienced in each case. 

Wet emplacement. A launch emplacement that provides a 
deluge of water for cooling the flame bucket, missile engines, 
and other equipment during the launch of a missile. 

Wet-fuel rocket. A liquid rocket. 

White Sands Missile Range (WSMR), A proving ground in 
New Mexico under the control of the Army Ordnance Missile 
Command as executive agency, used especially for testing 
short-range missiles over an instrumented range. 

Wind tunnel. A tunnel through which a stream of air is 
drawn at controlled speeds for aerodynamic tests and experi- 
mentation. 

Wire-guided. Of a missile: Guided by electrical impulses 
through a wire over a closed circuit between the guidance oper- 
ator and the missile. 

Woomera Rocket Range. A rocket range located in inland 
South Australia, at which British missile flight tests are made. 

Wright Air Development Division (WADD). An ARDC cen- 
ter at Wright-Patterson AFB, Ohio, conducting research, de- 
velopment, tests, and evaluation in aerodynamics, human 
factors, materials, electronics equipment, and aerospace sciences. 


X. Symbol for experimental. 

X-15. Manned research vehicle being built for USAF, NASA, 
Navy by North American; to make exploratory flight studies of 
aerodynamic heating, stability, control, and reentry problems 
of hypersonic flight and spaceflight, probably at altitudes of 
50-100 miles. 

X-time. Time remaining before launching of a missile, ac- 
cording to a schedule established by launch control personnel. 


Y. Symbol for prototype, 


Zero. To zero in. To bring a missile exactly into a position 
where it can be directed toward target. To adjust any device to 
an intended purpose so that automatic synchronization results. 

Zero gravity. Weightlessness. 

Zodiac. Belt on the celestial sphere on which the moon, sun, 
and planets appear to move about the earth, the middle line of 
the belt being the ecliptic or the sun’s path. 

Zodiacal band. Faintly luminous band of light appearing on 
the celestial sphere, connecting the zodiacal light with the 
Gegenschein. Caused by an extension of the solar corona out 
and beyond the earth.—ENnp 
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REPORT FROM ARMA 


The Missile Train—Mobile Sunday Punch 


In the foreground above is the mis- 
sile train—a hit-and-run Sunday 
punch for our modern Army. In 
event of war, the train could fire a 
missile with nuclear warhead, move 
rapidly miles away, then fire other 
missiles...without becoming a 
vulnerable stationary target itself. 
The missile train would be an ever- 
present threat to the enemy’s tac- 
tical units over a wide area. 


AMERICAN BOSCH ARMA CORPORATION 


For such imaginative projects as 
the missile train, which combines 
maximum mobility with maximum 
firepower, ARMA has developed an 
equally imaginative universal navi- 
gation system. Not only can ARMA 
systems rapidly locate and aim all 
types of Army missiles, but they 
are applicable to all types of land, 
sea and air operations. To the 
Army, ARMA offers precise vehic- 


ular navigation systems for use in 
artillery and missile survey, com- 
bat vehicles, tanks, and helicopters 
as well as remote control types for 
mine detection and atomic blast 
survey. Precision navigation sys- 
tems are ARMA’s business from 
ships to ICBM’s and—beyond. 


ARMA, Garden City, N. Y., a divi- 
sion of American Bosch Arma 
Corp....the future is our business. 
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FREE when you join the AeroSpace Book 
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book. You will receive advance notice of 
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The Story of 
a Missile 





by John L. Chapman 


The full story of America’s first inter- 
continental ballistic missile, from its 
beginnings to the 16,000-mile-an-hour, 
6,300-mile-long leap from Cape Canav- 
eral ... the story of the missile selected 
to put the first Astronaut into orbit in 
Project Mercury. An inside account cap- 
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presented by modern warfare ... a 
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findings, factors, conditions involved in 
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United Research Corporation of 
Menlo Park, a subsidiary of 
United Aircraft Corporation, 
announces it has changed its 
“name to 


UNITED 


TECHNOLOGY 
CORPORATION 


Objectives of this company 
have evolved to encompass 
not only research but also 
development work in the 
fields of solid and liquid pro- 
pellants through complete 
qualification of rockets and 
of advanced propulsion sys- 
tems. 


The new name — with its emphasis on 
— Clearly defines the scope 


“technology” 
of the activities being undertaken. 


Construction of two multi- 
million dollar permanent 
facilities to implement the 
objectives of the corporation 
is now underway. A Research 
and Engineering Center is 
being built on a 25-acre site 
in Sunnyvale; a Develop- 
ment and Test Center in the 
foothills some 10 miles south- 
east of San Jose, California, 
in the prime living area of 
the San Francisco Peninsula. 


UNITED TECHNOLOGY CORPORATION 
P. 0. Box 365 + Menlo Park, Calif. 
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FIE_D ENGINEERING OFFICES: 





_ 915 North Citrus Avenue 
Los Angeles 38, California 
Phone: HOllywood 4-0181 


Talbott Bidg., Suite 313, 131 North Ludlow Street, Dayton 2, Ohio » Phone: BAldwin 2-5595 
600 Otd Country Road, Suite 327, Garden City, L: !., New York « Phone: Pioneer 1-4440 


ge 3272 Peachtree Road, N.E., Atlanta, Georgia « Phone: CEdar 3-5291 
: 
NEW YORK: 
SEATTLE: | 3308 White Bidg., Seattle 1, Washington » Phone: MAIn 3-6150 
WICHITA: 


6427 East Kellogg Street, Wichita 1, Kansas * Phone: MUrray 2-0332 





APABILITIE'S 


For Fiuid:Gonttroi 
Yuvith FPlianned Reli: 


- WHITTAKER CONTROLS: Designs and produces 

aircraft and missile fluid control systems, sub- 

- systems and components. WC Products are in 

every military aircraft and commercial 

airliner. in many of the nation's missile programs, 

Whittaker is also solving extreme fluid control 
_ problems. 


WHITTAKER GYRO: Leading designer and manu- 
passive ea of somber aay sgn perl 





tonne, inertial guidance equipment, and auto 
pilots for missiles. 


| MONROVIA AVIATION: Producers of precision air- 
craft structural assemblies, Monrovia Aviation’s — 
are installed on America’s principal mil- 
itary and commercial jet aircraft. This Subsidiary 
also designs and manufactures customized port- 
able air conditioning units for missile ground 


support purposes. 


TELECOMPUTING SERVICES: Skilled in the estab- 
lishment and operation of data processing cen- 
ters, primarily for military and civil agencies of | 
the Government. At White Sands Missile Range, | 
TSI processes and analyzes missile test data. At 
Vandenberg AFB, this Subsidiary provides etn : 
processing services for SAC’s 1st Missile Division. — 


ELECTRONIC SYSTEMS: Specialists in systems | 
management, this Division also designs and man- | 
ufactures a wide variety of equipment in the fields © 
of electronics and nucleonics for highly classified © 
Military Programs. in addition, Electronic Systems. 
designs and produces Air Traffic Control equip- | 
ment for the Federal Aviation Agency. 


DATA INSTRUMENTS: Leading designer and pro- | 
ducer of data reduction systems for ground sup- — 
port and range instrumentations. Product line | 
includes shaft rotation digital equipment, decom- _ 
mutators, and other highly complex and special. © 
ized instruments for missile and aircraft testing, 
™ telemetering and in-flight operation. 


ELECTRONIC COMPONENTS: Designs and pro- 
duces components, including magnetic amplifiers, 
transformers, micro-miniature relays, delay lines — 
and high temperature ceramic capacitors. These © 
reliable components are being selected for instal- 
lation in many of the country’s principal missile — 
and space programs. 


COOK BATTERIES: Designers and manufacturers | 
of automatically and manually activated silver — 
zinc batteries for specialized missile application, — 
These auxiliary power units provide primary or 
secondary electrical power. This subsidiary also — 
produces power conversion and other — i 
apparatus. j 






















































TELECOMPUTING 
CORPORATION 


Los Angeles, California 


Telecomputing Corporation is a unique combina- 
tion of carefully integrated organizations. It is 
staffed with scientific talent of rare ability, created 
for the. purpose of managing entire Space Technol- 
ogy and Weapon System Projects. Telecomputing 
is developing advanced concepts in industrial and 
military control systems. 





FOUR AFA HOTELS SOLD OUT 


RESERVE YOUR ROOM NOW « REGISTER NEXT MONTH 
FOR AFA’S 1960 CONVENTION AND PANORAMA « SAN FRANCISCO « SEPTEMBER 21-25 


SCHEDULE 





WEDNESDAY—SEPTEMBER 21 
3:00 PM AFA Directors Meeting 
7:30PM _ Reserve Forces Seminar 


THURSDAY—SEPTEMBER 22 
9:00 AM USAF Command Briefing 
9:00 AM_ AFA Leaders Meeting 


9:00 AM 


12:00 N 
12:00 N 
3:00 PM 
3:00 PM 
7:45 PM 


USAF Procurement 
Seminar 


Buffet Luncheon 
Panorama Open 
USAF Command Briefing 
3d AFA Business Session 
Awards Banquet 











11:00 AM USAF Command Briefing 
12:30 PM Aerospace Luncheon 
3:00 PM USAF Command Briefing 
3:00PM _ 1st AFA Business Session 
7:00 PM Panorama Preview Recep- 


tion 


FRIDAY—SEPTEMBER 23 
9:00 AM 2d AFA Business Session 


SATURDAY—SEPTEMBER 24 

9:00 AM Annual Symposium 

12:00 N Panorama Open 

6:00 PM Nob Hill Reunion Party 
9:30 PM Golden Gate Reunion Ball 


SUNDAY—SEPTEMBER 25 
12:00 N Panorama Open to Public 





Have you made YOUR hotel reservation 
for San Francisco? If not, refer to the 
listing below to avoid requesting SOLD 
OUT hotels—and do it NOW! List all! 
three choices and avoid confirmation de- 
lays. Additional low-rate, good-quality 
hotels and motels are available on request. 
Be sure to indicate arrival time. Send $10 
deposit if arriving after 5 PM. Please note 
the streamlined schedule for 1960. Last 
year’s two luncheons are combined into 
one big kick-off luncheon. The exhibit 
hours are condensed. No major meetings 
are scheduled Friday and Saturday after- 
noons during exhibit hours to allow dele- 
gates and guests more time to inspect 
the hundreds of aerospace weapons and 
equipment displays at the Panorama. 
These and other programming improve- 
ments, plus the cosmopolitan charm of 
San Francisco will make AFA’s 1960 
Convention and Panorama the best yet. 


SAN FRANCISCO HOTEL AND MOTEL RATES 
























































TWIN & 1-B/R 2-B/R TWIN & 1-B/R 2-B/R 
HOTEL SINGLE DOUBLE SUITE SUITE HOTEL SINGLE DOUBLE SUITE SUITE 
Alexander Hamilton $9-14 $12-18 | $20-35 | $60 Sheraton-Palace $8-16 $14-20 | $25-50 | $39-75 
Bellevue $11-12 | $11-15 | $25 Stewart $9-12 $9-18 $25-30 
Californian $9-11 $11-14 | $22-25 Whitcomb $10-12 $11-16 | $25-60 | $41-76 
Canterbury $10-19 | $10-20 | $25-40 MOTEL 
Clift $18-21 $15-23 | $41-50 Caravan $18-22 $18-22 
Drake Wiltshire $10-11 $12-16 | $25-35 Continental $14 $14-16 $25-37 
Huntington $11-16 | $14-25 | $30-50 Holiday $20 $20 $30-50 
Jack Tar $10-16 | $12-22 | $48-45 | $50-75 Mart $7-9 $8-14 $16-24 
Richelieu $7-8 $8-12 $20-25 Travelodge $8 $10-14 

Sold Out: Fairmont Hotel—Mark Hopkins Hotel—St. Francis Hotel—Sir Francis Drake Hotel 
NOTE: A deposit of $10 per room is required for all arrivals after 5 p.m. All rooms will be assigned according 
to nearest available rate. Additional hotels and motels not listed above are available at slightly lower rates. 

ce eee ee FILL IN, CLIP OUT, AND MAIL TODAY! = — — — =— =— = = = em em me em 
I | 
1 MAIL TO: Air Force Association, c/o Convention Bureau DATE 
\ Room. 800 Civic Auditorium, San Francisco 2, Calif, 
1 Rank, if | 
, Name Military 
I Firm/ Office | 
1 | 
i Mail Address | 
Hotel & Choice—Ist 2nd 3rd | 
I Type Room Rate | 
| | 
Il Others in Room | 
: Arrival—Date Hour Departure Date 
I | 
Mee ee ~~ — os oe eee eee oe ee ee eee ee oe ee | 
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CESSNA CH-1C 


HIGH-ALTITUDE PROBLEM-—SOLVED BY CESSNA 


Problem: how to achieve, in a low-cost helicopter, capacity for high-altitude operations. 
Solution: the 270-HP supercharged Continental engine, airplane-like configuration, 
and aero-dynamically clean rotor assembly of Cessna’s new high-performance CH-IC. 
Capable of hovering over the highest mountains in the U. S., the FAA-certificated CH-1C 
flies untroubled where winds, temperatures and density-altitude continue to deter most 
helicopters. 


omy, Vol. III (Pergamon, N. Y., 
1959). 

Besserer, C. W. & Hazel C.: Guide 
to the Space Age (Prentice-Hall, 
N. Y., 1960). 

Boyd, R. L. F. & Seaton, J. M., 
editors: Rocket Exploration of the Up- 


per Atmosphere (Interscience, N. Y., High-altitude capability is just one of the reasons the Milt 








1954) 4-place CH-IC is a highly practical aircraft—and one Division, 
3 P more of the ways Cessna “Problem-Solving”’ Research Wichita 
Branley, Franklyn M.: Guide to is ever at work enhancing America’s future in the air. anges , 


re 


Outer Space (Home Library Press, 
N. Y., 1960). 
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Washington, D. C., 1958). 

Caidin, Martin: Spaceport USA: 
The Story of Cap Janaveral and the 
Air Force Missile Test Center (Dut- 
ton, N. Y., 1959). 

Callahan, Vincent F., Jr., editor: 
Space Guide (Washington Space Let- 
ter, Washington, D. C., 1959). 

Civil Air Patrol: The Dawning 


AIR FORCE / SPACE DIGEST © April 1960 





Space Age (Civil Air Patrol, Elling- 
ton AFB, Tex., 1959). 

Clarke, Arthur C.: The Exploration 
of Space (Harper, N. Y., 1952; Pocket 
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Coombs, Charles: Gateway to Space 
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ICBM Liquid Oxygen Pump Loading System 
Successfully Tested at Edwards AFB : 


Carter Designed 6,000 GPM System Simplifies Propellant Loading 


Developed on Air Force contract and inde- 
pendently tested by Convair Astronautics 
at Edwards Air Force Base, this first high 
flow liquid oxygen pump loading system 
was designed to replace present complex 
pressure loading systems. Quadrupling pre- 
vious capacity limits, the new system incor- 
porates a unique combination of single and 
multiple fixed speed pumps to accomplish 
the required control without complex low 
efficiency variable speed devices. The Carter 
system includes a control center incorpo- 
rating high reliability standard components 
which automatically sequences system 
cool-down, rapid fill, fine fill, and topping 
functions in response to signals from the 


missile system. No human attention is 
required after the loading is started. 


Unique fail safe feature assures continuous 
reliability. In case of any malfunction in 
either of the main pumps, Pump A auto- 
matically comes on the line at 1760 RPM 
to prevent aborting the mission. 


The system consists of four separate pumps } i 


operating as follows: 


Operation Pumps On Speed Flow-Rate 
Cool-down A 870 RPM Variable 
Rapid Fill B&C 1760 RPM 6000 GPM 
Fine Fill A 1170 RPM 700 GPM 
Topping D 3500 RPM 27 GPM 


Write for further information or phone LlIberty 8-3421 


THB 3d... 


CARTER COMPANY 


671 WEST SEVENTEENTH STREET, COSTA MESA, CALIFORNIA 
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; d led Industrial Products Division 








Dependability ... picture quality... flexibility... 
complete installation...these are reasons why 
hazardous viewing with ITT Closed Circuit TV has 
succeeded when others failed. 


With an ITT system, you get perfect performance 
under all operating conditions. The picture is sharp 
and clear, with 700 line resolution. The camera— 
designed for missile monitoring — withstands noise, 
shock, vibration and compensates for light changes as 
extreme as 10,000 to 1. 


This compact closed circuit system is easily, economi- 
cally installed anywhere, using standard cables and a 
variety of quick-adapting accessories. And ITT’s turn- 
key systems include design, installation, training of 
operating personnel and complete on-site maintenance. 


For military or industrial application, let us prove to 
you how simple, economical and reliable closed circuit 
monitoring is with an ITT system. For complete infor- 
mation, contact your local ITT Closed Circuit TV rep- 
resentative or write us for Data File ASD-1037-1. 
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GROUND SUPPORT 


Big 


ad 


4 < 
@ Continental Aviation & Engineering Corp. is exceptionally 
well qualified, both by experience and by facilities, for work 
on the weapons systems of tomorrow. Our background 
y, embraces not only a half-century of internal combustion 
f engine experience, but also years of pioneering in gas turbine 
engine development, and more than a decade in the field 
of solid fuels for ramjet propulsion of missiles and target 
drones . . . Continental is staffed and equipped for.a wide 
range of assignments, military and commercial. The Detroit 
f _» Division Research and Development Department is supported 
‘ by our modern-to-the-minute Component Testing Laboratory 
NZ complete with environmental facilities located at Toledo. The 
Toledo Production Division now producing various turbine 
engines in volume is capable of supporting diversified pro- 
grams ... The CAE record of achievement is one of which 
many a larger company might be proud. Inquiries are invited 
from those having propulsion problems, on. the ground, on 

the water, in the air. 


GENERAL OFFICES AND RESEARCH AND DEVELOPMENT DEPARTMENTS AT 12700 
KERCHEVAL AVENUE, DETROIT 15, MICHIGAN . . . PRODUCTION DIVISION AND FIELD 
SUPPORT, 1330 LASKEY ROAD, TOLEDO, OHIO. 
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APE AND MICROSECONDS are essential to missile development. 


nstruments must record every function against time... in fractions often finer than one ten-thousandth of a 
second. Reams of electronic and optical data must be collected, reduced and evaluated before any missile 
an become operational. Vitro designed, built and helped instrument the Air Force missile test center at 
(UnEglin Air Force Base, Florida. Today it operates the center’s test ranges and tracking stations throughout 
leusgtte Southeast. At Eglin, Vitro and the Air Force, working as a team since 1952, are responsible for checkout 
ia Ofof missiles, rockets, weapon systems, countermeasures, space probe vehicles and bombing techniques. 


b 
4 Y. Beyond this Florida site, other Vitro capabilities: underwater (torpedo) and electronic environmental ranges. 
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: A SCIENTISTS AND ENGINEERS: JOIN THIS TEAM. 
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A DIVISION OF VITRO CORPORATION OF AMERICA 
SILVER SPRING, MD. e WEST ORANGE, N. J. e EGLIN AFB, FLA. 





“The Finest Investment [ Fver Made...” 


— Major Charles M. Floyd, USAF 


FLIGHT PAY PROTECTION OFFERS YOU THESE BENEFITS... 


@ Tax-free indemnities of 80% of the flight pay you lose. 


@ Retroactive payment to cover all your lost flight pay. 


@ Payments continue for as long as 12 months if your grounding is due to 
disease or ordinary accident. 


@ You are paid for up to 24 months if your grounding is the result of an aviation 


accident. 


@ Payments for just one 90-day grounding will bring you as much as you pay for 


10 years’ protection. 


READ WHAT OTHER RATED OFFICERS SAY 





POLICY 


Mn! 


N 
covers EVEN 


PRE-EXISTING 





Full Details will Be S 


SSES! 
WANESSES! 


ent with Your Policy: 






About Flight Pay Protection . . . 


"It is extremely difficult for me to understand just why every pilot in 
the Air Force doesn't clamor for your Flight Pay Protection. If several 
other investments I've made were only half as profitable, I'd be far 
better off today than I am." 

—Col. C. C. Harris, Jr., USAF 


"When I took the option 6n your offer of insurance you can believe me I 
hadn't the slightest idea of ever being in a position to put in a claim. 
... Little did I know. As you recall, within 3 months...I was hauled off 
to the hospital...It was many months later before I returned to flying 
status. Your consideration of my policy was exemplary and regular pay-— 
ments started as stated in the policy. It is my confirmed and convinced 
opinion that not one officer on flying status can afford to be without 
your protection." 











—Major A. D. Carter, USAF 


"I wish to express my sincere appreciation and gratitude to the Air Force 
Association for the Flight Pay Protection Plan. With a family of six 
children and after years of receiving monthly flying pay and then 
suddenly (through no fault of your own) being grounded, one can see what 
flying pay insurance means, and I sincerely believe that all flying 
personnel should have it." 

—Capt. Robert A. Gleich, USAF 


ON ES EE SS EE EE SS SS LS SN AT VS 





FLIGHT PAY INSURANCE 
Air Force Assn. Mills Building Washington 6, D.C. | 
Send me without obligation the FLIGHT PAY INSURANCE policy which will protect | k $ . 
me, and free information on Flight Pay Insurance. | understand that a premium | Write today for a copy of the actual policy which 
statement will be included, but that | pay nothing unless after examining the policy i will protect you—complete information on rates, the 
| decide to insure my flight pay. hie 

1 amount of money you draw, plus a FREE question and 
r Seer ee on ee fee et | answer booklet on how Flight Pay Insurance works for 
ShaR MeV eL yee sa aseseumnssichisscasenaksanvons pitipukads aia pstawhasiees tas 1 you. No obligation. SEND NO MONEY NOW. Just write. 
Street | 
City SOCCER HEHEHE HEE EEE HEE EES Pt lea le pataale le a = Soh anaes ae ; 
Amount of annual fight pay = 4-60 I 
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The Aeronautical Group 


A. V. ROE CANADA LIMITED 
announces the opening of a U. S. Office 
SUITE 121, 8921 SEPULVEDA BLVD., LOS ANGELES 45, CALIFORNIA 


W. R. Stephens, Technical Sales Manager, is in charge, assisted by 
W. C. Walter and S. H. Allen, and will operate throughout the 
United States to present customers in the armed services and 
industry with the products and services of these companies. 
AVRO AIRCRAFT LIMITED - CANADIAN APPLIED RESEARCH LTD. 
ORENDA ENGINES LIMITED - CANADIAN STEEL IMPROVEMENT LTD. 


Inquiries invited 


A. V. Roe Aeronautical Group Limited 
SUITE 121, 8921 SEPULVEDA BLVD., LOS ANGELES 45, CALIFORNIA 














COMPLETE 


TESTING 
FACILITIES 


® Qualification Tests to 
Mil Specifications 


@ Environmental Tests 


®@ Calibrations Directly Traceable 
to U. S. Bureau of Standards 


AETCO 


Testing Laboratory 
Baltimore 31, Md. ORleans 5-2222 














a 


i. Modern Method of Simulated In- 
strument Flight for Conventional or Jet 


Type Aircraft. ....... $15.00 
FRANCIS AVIATION 
Box 299 USA Lansing, Mich, 
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ALL MIXED UP . 






You needn’t be. Today many 
cancers are curable. Your 
best insurance against can- 
cer is a health checkup every 
year. And send a check tothe 
American Cancer Society 
to help wipe out this dread 
disease. Send your contri- 
butions to ‘‘Cancer,” in care 
of your local post office. 


AMERICAN CANCER SOCIETY 








SO worthy 
of your HELP! 
eseyoucandoit — 
= best and easily - 
through... 


EASTER SEALS 





National Societ 
for pes rs Saree Chil a 
Adults 
2023 W. Ogden Ave, 
Chicago 12, Ill. 











This Is AFA : 





The Air Force Association is an independent, nonprofit airpower organization with no personal, political, or commercial 
axes to grind; established January 26, 1946; incorporated February .4, 1946. 





Objectives 


© To assist in obtaining and maintaining adequate airpower for 
national security and world peace. « To keep the AFA members 
and the public abreast of developments in the field of aviation. 


e To preserve and foster the spirit of fellowship among former 
and present personnel of the United States Air Force. 


Membership 


Active Members: Individuals honorably discharged or retired 
from military service who have been members of, or either as- 
signed or attached to, the USAF or its predecessor services, or 
who are currently enrolled in the Air Force Reserve or the Air 
National Guard. $6.00 per year. 

Service Members (nonvoting, mertiomee) Military per- 
sonnel now assigned or attached to the USAF. $6.00 r year. 
Cadet Members (nonvoting, nonofficeholding): Individuals en- 
rolled as Air Force ROTC Cadets, Civil Air Patrol Cadets, or 
Cadets of the US Air Force Academy. $3.00 per year. 

Associate Members (nonvoting, nonofficeholding): Individuals 
not otherwise eligible for membership who have demonstrated 
their interest in furthering the aims and purposes of the Air 
Force Association. $6.00 per year. 
Industrial Associates: Companies affiliating with the Air Force 
Association on a nonmembership status that receive subscrip- 
tions to AIR FORCE Magazine and SPACE DIGEST, special 
magazine supplements, and Industrial Service Reports. 


Officers and Directors 


HOWARD T. MARKEY, President, Chicago, Ill; George D. 
HARDY, Secretary, College Park, Md.; JACK B. GROSS, Trea- 
surer, Harrisburg, Pa.; JULIAN B. ROSENTHAL, Chairman of 
the Board, New York. 

REGIONAL VICE PRESIDENTS: Philipe F. Coury, Mattapan, 
Mass. (New England); Harry Crutcher, Jr., Dallas Tex. (South- 
west); Willard L. Dougherty, Cleveland, Ohio (Great kes); 
Dale R. Erickson, Ogden, Utah (Rocky Mountain); Joseph L. 
Hodges, Danville, Va. (Central East); Roy J. Leffingwell, Hono- 
lulu (Pacific Ocean); Robert H. Mitchell. Portland, Ore. (North- 
west); Alex G. Mor honios, Maimi, Fla. (Southeast); Chess Pizac, 
St. uis, Mo. (Midwest); Edwin W. Rawlings, Minneapolis, 
Minn, (North Central); ester A. Richardson, Pittsburgh, Pa. 
(Northeast); Will O. Ross, Mobile, Ala. (South Central); James C. 
Snapp, Jr., San Diego, Calif, (Far West). 

DIRECTORS: John R. Alison, Hawthorne, Calif.; Lucas V. 
Beau, Washington, D. C.; Walter T. Bonney, Silver Spring, 
Md.; Roger J. Browne, New York, N. Y.; Lee Cordell, Forest 
Park, Ill.; Edward P. Curtis, Rochester, N. Y.; James R. Dem 
sey. San Diego, Calif.; James H. Doolittle, Los Angeles, Calif; 
A. Paul Fonda, Washington, D. C.; a J. Foss, Sioux Falls, 
S. D.; J. Wayne Fredericks, Bronxville, N. Y.; John P. Henebry, 
Kenilworth, Ill.; Robert S. Johnson, Woodbury, N. Y.; Arthur 
F. Kelly Los Angeles, Calif.; George C. Kenney; New York,,- 











Bae Thomas G. Lanphier, Jr., La Jolla, Calif.; W. Barton - 


Leach, Cambridge, Mass.; Harvey J. McKay, Glendale, Calif.; 
John B. meron tt hd Cincinnati, Ohio.; Charles O. Morgan, Jr., 
San Francisco, Calif.; Msgr. William F. Mullally, St. Louis, Mo.; 
Peter J. Schenk, Lexington, Mass.; C. R. Smith, New York, N. Y.; 
Carl A. — Chevy Chase, Md.; William W. Spruance, Wil- 
mington, Del.; Arthur C. Storz, Omaha, Neb.; Harold C, Stuart, 

, Okla.; James M. Trail, Boise, Idaho; Alden A. West, De- 
Witt, N. Y.; Gill Robb Wilson, LaVerne, Calif.; Leonard A. Work, 
State College, Pa.; Paul S. Zuckerman, New York, N. Y.; Thomas 
E. Cindric, National Commander, Arnold Air Society, Pittsburgh, 
Pa.; (ex officio); Rev. William Laird, National Chaplain, Haddon 
Heights, N. J. (ex officio). 


Community Leaders 


ALABAMA: Brig. Gen. George R. Doster, Jr., Sumter-Smith 
ANG Base, Birmingham; John Starke, 3110 Valeria St., Mobile; 
Jack Parsons, 144 Arlington Rd., Montgomery. 

ALASKA: Dan Plotnick, P. O. Box 2072, Anchorage. 

ARIZONA: True W. Childs, 3237 E. Mitchell Dr., Phoenix. 

CALIFORNIA: Tom Mason, P. O. Box 330, Chico; E. R. Grantham, 
728 Nevada St., Fairfield; W. A. O’Brien, P. O. Box 3290, Fresno: 
Clarence Hanson, 646 6th St., Hermosa Beach; Glenn Miller, 3827 
San Anseline, Long Beach; Stanley J. Hryn, P. O. Box 1253, Mon- 
terey; R. L. Painchaud, P. O. Box 474M, Pasadena; Sydney Lewis, 
26904 Fond du Lac Rd., Rolling Hills; John Silliman, 3437 Chenu, 
* Sacramento; Edward A. Feille, Jr., P. O. Box 4006, San Bernardino; 
George Mays, 3038 Poinsetta Dr., San Diego; William N. Cothran, 
929 Mission St., San Francisco; Ronald B. McDonald, 659 19th St.. 
San Pedro; George Floyd, 529 W. Santa Clara, Santa Ana; Joseph 
Myers, P. O. Box 1111, Santa Monica; Bob Hamilton, P. O. Box 
2067, Van Nuys; Lyle Whitlock, 903 S. Shasta, W. Covina. 

COLORADO: Kenneth Costello, 6373 Teller St., Arvada; William 
B. Offutt, Box 1051, Colorado Springs; Phillip J. Carosell, Majestic 
Bldg., Denver; Thomas C. Hausman, P. O. Box 1143, Pueblo. 

‘ gman iad Laurence Cerretani, 139 Silvermine Rd., New 


DISTRICT OF COLUMBIA: Lucas V. Beau, 2610 Upton St., N. W. 

FLORIDA: Edward L. Hurlburt, 1152 Cleveland St., Clearwater; 
Cliff Mayfield, 5416 Oliver St., N., Jacksonville; Ted Koschler, 
10803 N. E. 9th Ave., Miami; Arthur Welling, 2608 N.W. 5th Ave., 
Wilton Manors. 


GEORGIA: Jchn T. Allan, 650 Hurt Bidg., Atlanta; Phillips D. 
Hamilton. 136 E. 50th St., Savannah. 
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HAWAII: Roy J. Leffingwell, 116 S. King St., Honolulu. 

IDAHO: William Bozman, Box 1098, Boise, Ralph E. Funke, 508 
2d St., Coeur d’Alene; Robert E. Scott, 813 Maplewood Dr., Idaho 
Falls. 

ILLINOIS: Donald Clute, 421 Cooper Ave., Elgin; Harold Car- 
son, 9541 Lawton Ave., Oak Lawn (Chicago Area) Ross Merritt, 
2105 Washington St., Waukegan. 

INDIANA: Ben J. Barrett, 433 Trevor St., Brownsburg. 

IOWA: Dwaine Lighter, Box 384, Algona; Dr. C. H. Johnston, 
poe Grand Ave., Des Moines; Ken Kalahar, P. O. Box 884, Mason 


ty. 

KANSAS: Henry Farha, Jr., 220 N. Green, Wichita. 

LOUISIANA: Vane T. Wilson, Box 7515, LSU, Baton Rouge; 
Neill M. Kivett, 613 Ave. I, Bogalousa; John K. Moore, 1818 4th 
St., Harvey; Walter Kay, Jr., 1707 Broadmoor Dr., Lake Charles; 
Myron Lowell, 739 Homestead Ave., Metairie; W. E. Giffhorn, 117 
Leo Ave., Shreveport. 

MARYLAND: John J. Pondfield, Box 3725, Baltimore; George 
A. Hatcher, Box 333, Hagerstown. 

MASSACHUSETTS: Joseph E. Assaf, 130 Turtle Pond Pkwy, 
Hyde Park; Henry J. Hurley, 15 Fairbanks Rd., Lexington; 
Samuel D. Wade, P. O. Box 195, Lexington; Edward Tufts, 3 
Oak St., Marblehead; Nicholas P. Pg tg Jr., 28 Winbrough 
St., Mattapan; Herbert E. Maguire, 92 Fern Rd., Medford; Alfred 
H. Cola, 1562 Main St., a Ronald Groleau, 48 Santa 
Barbara St., Springfield; R. rald LaChance, 5 Monica St. 
Taunton; Joseph A. Ruseckas, 19 Housatonic St., Worcester. 

MICHIGAN: Deland H. Davis, 221 Summer, Battle Creek; Fred 
Bonjour, 1478 Larkmoor Blvd., Berkley; R. G. Saltsman, 208 
Larchlea, Birmingham; Jerome Green, 23090 Parklawn, Oak Park 
(Detroit Area); Harold Schaffer, 2208 Barstow, Lansing; Paul 
Schmelzer, 22500 O’Connor, St. Clair Shores. 

MINNESOTA: W. K. Wennberg, 4 Carlson, Duluth; Edwin 
Kube, 5353 29th Ave. S. Minneapolis; Russell Thompson, 2834 N. 
Griggs St., St. Paul. 

MISSOURI: A. L. Hillix, 450 W. 5lst St., Kansas City; Sterling 
Thompson, 8235 Paramount, St. Louis. 

NEBRASKA: Walter I. Black, 3615 S. 37th St., Lincoln; Lloyd 
Grimm, 5103 Hamilton St., Omaha. 

NEVADA: Barney Rawlings, Convention Center, Las Vegas. 

NEW JERSEY: Tom Gagen, 512 Garfield Ave., Avon; Morris H. 
Blum, 452 Central Ave., E. Orange; William Bromirski, 221 Warren 
St., Jersey City; John F. Russo, 471 3d St., Palisades Park; Lloyd 
Nelson, 90 Grand Ave., Park Ridge; Nathan Lane, 76 E. 32d St., 
Paterson; Italo Quinto, Box 309, Stirling. 

NEW MEXICO: Arthur Abernathy, Jr., 1308 Filipino, Alamo- 
gordo; John Johnston, 1219 Hermosa Dr., Ss. E., Albuquerque. 

NEW YORK: Earle Ribero, 257 Delaware Ave., Delmar, (Albany 
Area); James Lynett, 725 Brighton Rd., Tonawanda, (Buffalo 
Area); Fred Monsees, 62 Oakland Ave., Lynbrook, (NYC Metro- 
politan Area); Gordon Thiel, 333 Stanton Ave., Syracuse, 

Re toe CAROLINA: R. P. Woodson, III, 2513 Anderson Dr., 
eigh. 

OHIO: Clyde Haught, 2274 llth St., Akron; Herbert L. Bryant, 
912 7th St., Canton; John A. Repasy, 3629 Lansdowne Ave., Cin- 
cinnati; Ray Saks, 2823 Sulgrave Rd., Cleveland; Morris Ribbler, 
1912 Hazel Ave., Dayton; Herb Your, 2633 104th St., Toledo. 

OKLAHOMA: W. G. Fenity, 430 S. Van Buren, Enid; Robert 
Durkee, 224 W. Eubands, Oklahoma City. 

OREGON: Clyde Hilley, 2141 N. E. 23d Ave., Portland. 

PENNSYLVANIA: John Malay, 462 Maplewood Ave., Ambridge; 
Roger Ellis, P. O. Box 1001, Erie; David Lenker, 7700 Sunset Dr., 
Harrisburg; Phillip Halfpenny, P. O. Box 103, Lewistown; Sally 
F.. Downing, 417 S. 44th St., Philadelphia; John H. Kruper, Box 
1904A, Pittsburgh; George M. Keiser, 21 So. 2ist St., Pottsville; 
J. J. Kapitanoff, 1000 N. Atherton St., State College; Joseph 
Chancler, Willow Grove NAB, Willow Grove. 

RHODE ISLAND: M. A. Tropea, Industrial Bank Bldg., Provi- 
dence. 

SOUTH DAKOTA: Rex Waltz, 804 7th St., Brookings; Duane L. 
Corning, Joe Foss Field, Sioux Falls. 

TENNESSEE: L. W. Frierson, III, Hamilton National Bank Blidz., 
Knoxville; Jerred Blanchard, 1230 Commerce Title Bldg., Mem- 
phis; James W. Rich, 3022 23d Ave., S., Nashville. 

TEXAS: Frank J. Storm, Jr., Box 1983, Amarillo; James M. 
Rose, Box 35404, Airlawn Sta., Dallas; Bob A. Roberts, 2903 N. 
Zarzamora St., San Antonio. 

UTAH: Joseph Sullivan. 101 E. 470 No., Bountiful; Charles 
LeMay, P. O. Box 42, Clearfield; LeRoy Crossley, 4050 Porter 
Ave., Ogden. 

VIRGINIA: Robert Patterson, P. O. Box 573, Alexandria; William 
McCall, Jr., 6007 27th Rd., So., pemestee: Roy H. Hodges, Jr., 157 
Marshall St., South Boston; Arthur E. Stump, Jr., Box 841, Lynch- 
burg; Robert W. Love, P. O. Box 2021, Norfolk; John Ogden, Jr., 
3425 Ellwood Ave., Richmond. 

WASHINGTON: Arthur Logan, 6803 54th, N. E., Seattle; Roy F. 
Hanney, Cooper-George Bldg., Spokane. 

WISCONSIN: Merrill H. Guerin, 504 Franklin, DePere; Gary 
Ortmann, 2910 S. Logan Ave., Milwaukee. 


National Headquarters Staff 


Executive Director: James H. Straubel; Administrative Director: 

John O. Gray; Organization Director: Gus Duda; Director of 

Industrial Relations: Stephen A. Rynas; Convention Manager: 

William A. Belanger; Exhibit Manager: Robert C. Strobell; Di- 

rector of Accounting: Muriel Norris; Director of Insurance Pro- 
trams: Richmond M. Keeney; Production Manager: Herbert B. 
alish; Research Manager: Hazel Holmes. 
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TACTICAL 


RICHARD CATON WOODVILLE, JR. ‘Charge of the Light Brigade.’’ Parker Gallery, London 


Blundering tactical command in this age of quick-reaction military operations may not be similarly 
immortalized. Today, instantaneous and completely reliable Electronic Communications, both voice 


and tactical data link, provide the continuous two-way intelligence that precludes the blunders 
which sealed the fate of the Light Brigade. 


ECI/ is proud to play an important part in insuring that such Electronic Communications exist 
for our defense in space, airborne and surface roles, with the creation of systems such as its fully 
integrated Model 28, 1 KW UHF Communication equipment, capable of inclusion in advanced 


Tactical Data Systems, as well as in airborne applications and in the nation’s continually expand- 
ing systems of Early Warning. 


ys 


One of a 

series of 

advertisements 

depicting 

historic — 

Incidents 

in military 

communications 

through 

the ages Specialists in Systems Development, Advanced Voice and Data Link Communications, 
Countermeasures, Secure Communications and Related Equipment 


Regional Offices: § Washington, D.C., Teterboro, N.J., Boston, Mass., Dayton, O., Dallas, Tex., No. Hollywood, Calif. 











Convair’s 880 Jet-Liner is the 
champion of the jets. It is the 
world’s newest, fastest and 


most versatile passenger plane. 
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First to offer Convair £80 or GCO Jet-Liner service will be TWA, DELTA, REAL-AEROVIAS (Brazil), S.A.S., SWISSAIR, AMERICAN, C.A.T. (Formosa), CAPITAL 








